@ Marked reductions in the an- 
nealing cycle have been made in 
malleableizing furnaces equipped 
with SC gas-fired radiant tube 
heating elements and provided with 
a controlled atmosphere. Where 
previously but 25 ‘> of the total load 
heated was castings, in these new 
continuous and batch-type con- 
trolled atmosphere furnaces 75> of 
the total load is net. In protecting 
against scaling and excessive de- 
carburization by use of controlled 
atmosphere, it was possible to 
eliminate the tare weight of pots 
and boxes, compound, and cars— 


-MALLEABLEIZI 


thus saving fuel and time as well 
as considerable labor. The mallea- 
bleized iron produced in this type 
of furnace is a fully annealed stand- 
ard commercial iron essentially free 
of pearlite. See photomicrograph 
at 100 magnifications. During 
graphitizing and cooling periods 
particularly the gas-fired SC radiant 
tube heating elements are very 


efficient in permitting exact control 
of furnace conditions. Controlled 
atmosphere malleableizing is the 
right answer to lower costs and 
higher production. Ask a Surface 
Combustion engineer in to talk it 
over with you if you make or use 
malleable iron. Without obligation, 
write for information, to 

SURFACE COMBUSTION CORPORATION, Toledo, Ohio 


Builders of ATMOSPHERE NACE 


COMBUSTION 


4 


‘SC) CONTROLLED 
| 
f 
= typical structure of iron malleae 
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To meet all conditions of \\\ — 


service efhiciently and eco- 
nomically, ENDURO is produced 
in more than a score of analyses, 

in all commercial forms and in a 

wide variety of finishes. It is also 
available in the 4-6°> Chromium 

Alloys — intermediate corrosion- 

and heat-resisting steels. 


on what ENDURO 


can do for you 


Samples? Yes, they’re samples of ENDURO, Republic’s Perfected 
Stainless and Heat-Resisting Steels, which Republic metallurgists will 
send you if you will tell them just what problems of rust, corrosion 
or oxidation confront you. 

What ENDURO can do for you is not a matter of guess. 
Republic metallurgists — experts in stainless steels, with years of 
experience in laboratory and service tests, and in the practical 
application of this modern metal — know where it can be used to 
advantage — know what type is most efficient and economical. 

They are ready to give you the benefit of this experience in 
the form of advice on your particular problem — and they will let 


you substantiate their recommendations — by sending samples of 


various types of ENDURO so that you may conveniently make your 
own tests—without obligation. Write Republic Steel Corporation, Alloy 
Steel Division, Massillon, Ohio—General Offices, Cleveland, Ohio. 


BERGER MANUFACTURING DIVISION UNION DRAWN STEEL DIVISION 
STEEL AND TUBES. INC. TRUSCON STEEL COMPANY 
NILES STEEL PRODUCTS DIVISION 


When writing Republic Steel Corp. for further information, please address Dept. M.P. 
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igest of welding 
processes and 


equipment 


I. THIS ARTICLE it will be the aim to char- 
acterize the principal welding processes and 
then to devote a little extra space to the most 
widespread process of all — are welding — pay- 
ing particular attention to certain important 
characteristics of the special electrical machin- 
erv utilized. 

Welding has been briefly defined as “a 
localized consolidation of metals by means of 
heat.” The welding process is broadly divided 
into two main divisions: (a) Plastic welding 
and (b) fluid or fusion welding. These two 
designations are, of course, derived from the 
state of the portions of the surfaces to be 
united at the time of welding. In plastic weld- 
ing the temperatures are not sufliciently high 
to liquefy the metal, and a blow or pressure is 
an essential requirement to complete the joint. 

Plastic welding is divided, according to the 
source of heat employed, into two classes 
forge welding with furnace or fire heat, and 
electric resistance welding. 

Forge welding is by far the oldest process 
of joining metals. As contrasted with all other 
processes, which are developments of the last 
0 vears, forge welding dates back to antiquity. 
Long a faithful servant of mankind, it has in 
recent years largely given way to the modern 


By Klaus L.. Hansen 
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forms of welding, despite the 
development of modern 
machinery for performing 
the operation— as, for 
instance, the making of long 
seams in heavy-walled pres- 
sure vessels. 

Electric Resistance 
Welding—As the name 
implies, the heat required 
to bring the metal to the 
plastic state is obtained by 
passing a high current 
through the resistance exist- 
ing at the contact of the 
edges or surfaces where 
union is to take place. As is 
well known, the heat liber- 
ated at the junction point is 
proportional to the square 
of the current multiplied by 
the resistance at the contact. 
When the heat is sufliciently advanced, pres- 
sure is applied by suitable mechanical means. 
The pressures vary over a wide range accord- 
ing to the type of materials to be joined, and 
may reach as high as 50,000 to 60,000 psi. 

The necessary requirement for successful 
resistance welding is correct coordination of 
current, time, and pressure. The electrical cir- 
cuit is essentially one of low voltage and high 
current. Because of the ease of transformation, 
alternating current is almost always employed, 
and the immediate source of current is a trans- 
former built into the machine with a secondary 
consisting usually of one turn only. The pri- 
mary is provided with taps so that the ratio of 
transformation, and thereby the secondary out- 
put, can be varied over a certain range. 

The one-turn secondary” circuit also 
includes the leads to the welding machine, the 
clamps or electrodes, and the sections of the 
pieces to be welded adjacent to the point of con- 
tact, as well as the contact itself. A circuit con- 
sisting of such varied elements and carrying 
heavy currents has given rise to many special 
problems. For instance, copper conductors 
must be properly laminated to keep down losses 
from eddy currents, and water cooling of the 


electrodes is frequently resorted to. The con- 
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figuration and area of the secondary loop are 
factors in determining the secondary reactance, 
which in turn is an important limitation of the 
transformer’s output. 

Resistance welding, in turn, is subdivided 
into butt welding (which includes flash weld- 
ing and electro-percussive welding), spot weld- 
ing and seam welding. 

Bult Welding 
the same cross-section are mechanically 


In this process pieces of 


gripped and then pressed together while a large 
current is passed through the area of contact. 
The voltage drop at the abutting ends when the 
pieces are pressed together is usually on the 
order of one or two volts, and the current 
required to produce the necessary heat ts, 
therefore, very high. If this voltage drop can 
be raised by any means, the current can be 
correspondingly reduced. One way of accom- 
plishing this is to establish a momentary are 
before applying the pressure, and this variation 
is known as 

Flash Welding 


welded are brought together slowly, with volt- 


When the edges to be 


age applied, arcing takes place as the first 
points come in contact. This violent arcing 
volatilizes metal and increases the distance 
between the edges at this point, with the result 
that the are moves rapidly to other points of 
lower resistance. Thus the are flits from point 
to point, increasing in violence with increasing 
speed of approach, until uniform flashing 
occurs over the entire area when pressure com- 
pletes the weld. 

Electro-Percussive Welding is a form of 


flash welding, not extensively used, in whic) , 
momentary are is established by discharging 
definite amount of stored energy and the weld 
ing operation completed by a percussive bloy 
delivered simultaneously. The energy may |, 
stored electrostatically in a condenser, or elee- 
tromagnetically in the core of a transforme: 
The percussive blow is usually secured }y 
means of a falling weight. This process has 
been used principally for butt welding wires, 
and with considerable success in joining dis 
similar metals. 

Spot welding is accomplished by placing 
overlapping sheets between two blunt. elee- 
trodes and passing a very large current from 
electrode to electrode through the sheets. When 
the adjacent metal surfaces are heated to plas- 
ticity, pressure is applied and the sheets are 
welded togeher in a spot approximately equal 
in size to the end of the electrode. 

Success has to a large extent depended on 
the development of suitable electrode miate- 
rials. The exacting demands require high elee- 
trical and heat conductivity, fairly high yield 
point at elevated temperatures, a considerable 
degree of hardness, and ability to withstand 
fairly high temperatures. Some very fine work 
in powder metallurgy of copper and tungsten 
has resulted in developing the present-day elec- 
trode materials. 

Seam Welding — Sheets can be welded 
together in a continuous seam by passing them 
between wheel-like electrodes which transmit 
the current and the mechanical pressure 
required. This method is applicable only to 


Oscillogram of Welding Arc Showing Frequent but Momentary Short Circuits Caused 
by Droplets of Molten Metal. Marks at bottom represent time intervals of 1/60 sec. 
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nn metal; any slight amount of mill scale or 
er surface impurities will result in “burns” 
‘ailure to weld. Furthermore, the disks soon 
ome pitted and oxidized. To overcome these 
dificulties a modified form has been developed 
that is called 
Stitch welding, intermediate between seam 
welding and spot welding. The sheets to be 
welded are passed between rolls, the same as in 
seam welding, but the current is interrupted 
periodically at very brief intervals so that the 
welds form a series of overlapping spots. Up 
to certain currents and speeds mechanical 
devices may be used for making and breaking 
the current, but for large currents and 
extremely high speeds electronic devices are 
resorted to. Electron tubes are also useful for 
controls which interrupt and re-establish the 
current according to a definite program for 
each single spot, as may be necessary for 
heavier steel plate, or for non-ferrous sheets. 
Fusion Welding — In fusion welding the 
metals to be joined are in the fluid state at the 
time of welding and heat alone is the agency 
used to make the weld. Fusion welding is 
divided according to the source of heat into 
three groups, gas welding, electric arc welding, 
and thermit welding. Strictly speaking, various 
tvpes of soldering, brazing and copper-brazing 
in controlled atmospheres should be included, 
for the jointing metal doubtless forms a liquid 
alloy with the metal being joined at the con- 
tacting surfaces. 
Gas Welding — The high temperature flame 
used in gas welding is produced by combustion 


of acetylene in oxygen. When these gases are 
mixed in a certain proportion the flame is 
known as “neutral;” with excess of oxygen it is 
called “oxidizing,” and with an excess of acety- 


lene, “carburizing.” Each has its proper use. 
Today the gas flame is used to a much greater 
extent for cutting steel, and of course a_ pre- 
dominantly oxidizing flame is then used, for 
the metal removed in cutting is literally burned 

the very opposite effect from that desired 
when welding. 

The oxy-acetylene flame is extensively used 
in brazing operations when joining steel and 
cast iron, especially where the filler material is 
a copper alloy high in zine, such as tobin 
bronze. It is also widely used in welding non- 
ferrous metals, particularly aluminum and its 
allovs. Another field where it is still holding 
its own is in welding of light gage steel sheet 
and alloy steel. An example of the latter is air- 
plane tubing. Much welding on overland pipe 
lines is also done, frequently using multi-flame 
heads or special technique and welding rods 
with carburizing flame. 

Atomic Hydrogen Welding is a combina- 
tion of arc and gas welding. The atomic hydro- 
gen torch contains two tungsten wires with 
ends a fraction of an inch apart. A jet of 
hydrogen is projected between these points, 
across Which ares a current at comparatively 
high voltage (that is, 440 volts). The intense 
heat causes the hydrogen molecules to be split 
up into their constituent atoms, and the recom- 
bination a little distance below liberates the 
energy previously used in dissociating the mole- 


1 Certain Welding Generator, Set for 200 Amperes at 40 Volts Load, ls Short Circuited and Then Suddenly 
Thrown on Load at T. Note transient voltage peak and then gradual climb toward “static” conditions 


123 % of 40 volts 


7-370 
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cules. A flame at very high temperature is so 
produced. Furthermore, the hydrogen provides 
an atmosphere which protects the molten metal 
from the atmospheric gases, and sound welds 
are the result. 
Thermit: Welding 
metallic aluminum for oxygen is utilized to 


The strong aflinity of 


vreat advantage in this interesting process. 


together ends of rail sections in street car lines, 
Electric Arc Welding — Of all the welding 
processes developed within the last 50 vears,. re 


welding now has the widest field of application, 
In fact, the term “electric welding” without! a 
qualifying suffix is often used as a synonym for 
are welding. Are welding is divided into two 
classes — carbon are and metallic are welding 

but the carbon are js 
now ordinarily confined 


| Transient 


Voltage over shoots “NS Voltage over sh 
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Static volt-amperes 


to certain machine opera- 
tions or to manual welding 
of copper alloys. 
Metallic are welding, 
in turn, may be subdivided 
as to the means taken to 
shield the hot metal from 
oxidation at the are and 
along the finished bead 
7 that is, whether the elec- 
+—_}+—__+— trodes are bare or coated, 
or whether the shielding 
is done by substances 
derived from the coating, 
from auxiliary gas 
stream or from pastes or 
powders previously placed 


along the seam. 
Because of the indus- 


400 500 600 700 400 500 600 
A mperes 


Transient and Static (Steady State) Characteristics of Two 400-Ampere Weld- 
ing Generators, Opposite is microstructure of weld metal produced by each 


When a mixture of iron oxide and finely pow- 
dered aluminum is ignited at one spot a 
chemical reaction progresses rapidly throughout 
the mass and a great amount of heat is liber- 
ated. The immediate result is superheated 
molten iron with aluminum oxide floating on 
the top as slag. In practice, the parts to be 
welded are separated slightly, a mold of such 
shape as to give the desired contour to the rein- 
forcement is placed around them, and_ the 
interior cavity strongly heated by gas or oil 
flame. The thermit mixture is placed in a 
crucible above the mold and ignited. Within 
a few seconds, after completion of the reaction, 
the molten iron is tapped into the mold where 
it flows around and between the parts to be 
united, thoroughly fusing their preheated sur- 
faces and on cooling joining them into a 
homogeneous mass. Thermit welding is most 
frequently observed by non-technical citizens 
when they watch maintenance crews joining 


600 900 trial importance of 
metallic are welding, and 
because the phenomena 
involved are exceedingly 
interesting and vet Littl 
understood, some of the requirements of ar 
welding will be discussed in connection with the 
generating equipment. 

As is well known, the weld rod in metallic 
are welding serves a double function — it con- 
stitutes one electrode and also furnishes the 
filler material as it continually melts off and 
flows into the weld deposit. The piece to be 
welded constitutes the other electrode, and the 
average are gap is from !x to ,, in. 

The function of the are struck between the 
end of the weld rod and the work is to convert 
electrical energy into heat energy, and the rat 
at which this transformation takes place 1's 
measured by the product of the current if 
amperes and the voltage drop across the are. 
The are consists principally of metallic vapors. 
and its resistance characteristics are entire!) 
different from those of solid metallic condu 
tors. In a solid conductor the voltage drop ove! 
any part of the circuit is proportional to t! 
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rrent passing. On the other hand, the voltage 

ross the are is, for same are length, approxi- 

itely constant over a wide range of current. 

the ordinary welding circuit the resistance 

the are decreases with increasing current, 
od vice versa. This so-called “negative resis- 
tance” of the are is responsible for its inherent 
instability when the current is drawn from a 
source of constant voltage. 

Welding generators must be designed to 
cope with this peculiarity. Ordinarily, in rating 
a welding generator the volt-ampere curve is 
obtained by taking readings of voltage and cur- 
rent when the external load is varied in suitable 
resistances from infinite value on open circuit to 
zero value on short circuit. Sufficient time is 
viven before each reading to allow the current 
and voltage to settle to steady values. The 
readings thus obtained, plotted with current as 
abscissas and volts as ordinates, are known as 
the static or steady state volt-ampere curve of 
the generator. This curve must be inclined 
downward toward the right if the generator is 
to overcome the inherent instability of the are. 

But in metallic are 


welding more severe 


When the metal is transferred across the 
are in the form of fine pellets instead of drops, 
the periodic reduction in the are voltage may 
not be so pronounced. But even then there is a 
noticeable variation in the are resistance, as the 
stream of pellets apparently comes in gushes. 

The behavior of the welding generator dur- 
ing the period of readjustment after a sudden 
change of resistance is called its transient per- 
formance, and it is, of course, an all-important 
feature. The oscillograph, which can trace sud- 
den variations in current and voltage, has been 
used to advantage in analyzing this transient 
performance. For example, the second oscillo- 
gram (page 117) shows changes in current and 
voltage from a 200-ampere welder in suddenly 
going from short circuit to a load resistance 
corresponding to 10 volts at the place marked 
7. It will be observed that the current drops 
suddenly from 310 amperes, the short circuit 
current condition, to 152 amperes and = then 
much more gradually climbs back to normal 
current of 200 amperes. The voltage rises sud- 
denly to a sharp peak at nearly 50 volts, then 


All Weld Metal Specimens, Made With Two Machines Shown on Page 118 


ered electrode — used 4 <9 
automatic head was 7 
emploved to feed the 
clectrode. The voltage, 61,500 Tensile strength, psi. 61,000 
as shown by the lighter 43,750 Yield point, psi. $4,500 
25.5 Elongation in 2 in., 20.0 
intermediate Z18-Zags, 46.3 Reduction of area, % 34.1 
drops to nearly zero as 6.58 tate of deposition, Ib. per hr. 6.29 
drops of molten metal Spatter loss, 
39.9 Charpy impact, ft-lb. 31.1 


short-circuit the are. 

Whenever this occurs, 

‘ sharp rise in current can be observed (top 
'g-zag line). However, at other times the cur- 

rent) and especially the voltage fluctuate 
ntinually and never reach steady values. 
nlike the steady resistance load used when tak- 
4 the static volt-ampere curve, the resistance 
an actual welding are varies constantly. 


drops rather quickly to about 31, and gradually 


returns to normal of 40 volts. 

When a droplet of metal bridges the are 
gap the are is momentarily extinguished and 
must be re-established quickly — indeed, it 
must be re-estabished against a higher resist- 
ance than existed in the are immediately 
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preceding the short’ circuit. The marked 


overshoot of voltage shown in the second 
oscillogram is here of great assistance. The 
minimum to which the voltage drops immedi- 
ately following the peak should also be high 
enough to maintain the are, once it has been 
established. The maximum and minimum volt- 
ave fluctuations when a short circuit of the 
generator is opened on a predetermined resist- 
ance are, therefore, very important factors in 
its transient performance. 

When tests like these are made for different 
values of external resistance, transient or 
dynamic volt-ampere curves similar the 
static volt-ampere curve can be plotted and are 
very useful in predicting the welding perform- 
ance of the machine. These curves are of 
interest principally over the range encountered 
in welding — from 10 volts to short circuit. 

The curve sheet on page 118 shows such 
curves for two 400-ampere welders. Lines 
marked “transient peak voltages” and “tran- 
sient minima” are derived from. oscillograms 
showing changes from short circuit to resistance 
loads. Vertical ordinates of line marked “volt- 
age overshoots” are the differences between 
ordinates of curves “transient peak voltages” 
and “static volt-amperes.” In either case the 
dotted curve represents the voltage overshoots. 

It will be observed that in the generator 
represented by the curves at left all the curves 
have an appreciable degree of steepness, which 
is very desirable. If curves marked “transient 
peak voltages” and “static volt-amperes” are 
both very steep, the tendency is that the dotted 
curve representing their difference is rather 
flat, which indicates an are of inferior stability. 
In the curves at the right the static and transient 
volt-ampere curves are much flatter. 

These matters have an influence on weld- 
ing speed and properties of weld metal, as is 
shown by tests using a high grade electrode and 
automatic head — conditions other than type of 
generator remaining constant. The physical 
characteristics and the grain structure of all- 
weld deposits are shown in the views on page 
11%. Results obtained with the second machine 
are distinctly inferior to those obtained with 
the first, especially as to fineness of grain struc- 
ture, spatter loss and impact value. 

Many ingenious schemes have been pro- 
posed to enhance the important transient or 
dynamic performance of welding generators. 
Some of these are in practical use, others are 
not, but space does not permit their discussion. 


Metals in Marine Engines 


Abstract from paper for International Conference 
Naval Architects and Marine Engineers; 
Reported in The Engineer, June 24, page 717 


1) PAPERS On modern marine engineering 

have a general air of optimism, so it might 
be timely to suggest that there still remain quite 
a number of points where we must confess to a 
certain degree of frustration. There is, of 
course, a theoretical limit of efficiency which 
Nature has imposed; it is not suggested that any 
complaint is leveled against Nature. The eter- 
nal striving for this efliciency is always right 
and to the good — it is the cost of achieving it 
that is the important qualification. 

As far as the marine power plant is con- 
cerned, /urbines are most economical in space 
and weight. Unfortunately, for their best per- 
formance high temperature, high pressure 
steam is a necessity. The metallurgist has not 
vet given us the metals that will unfailingly 
resist these temperatures and pressures. 

When the turbine was first introduced 
many of us thought that as there was no contact 
between rotor and stator there would be, apar! 
from some small wear in the bearings, no 
repairs and no maintenance charges to face. 
As it actually has turned out, the bearing wea! 
has probably been the least troublesome item. 
It was not anticipated that casings would dis- 
tort, crack, and erode, that shafts would bend, 
disks become loose, axial and radial packings 
leak, that blades would break, erode, and _ pil. 
and that binding wire would fail. But all these 
have occurred. 

To prevent these happenings there has been 
a flood of ingenious inventions, and the mate- 
rials and the processes they go through have 
been much improved — at greatly enhanced 
cost. In spite of all precautions, however, there 
are cases where the engineer is baffled, as when. 
for example, a certain row of blades will fail 
repeatedly although renewed in modified and 
improved material. The erosion of turbine cas- 
ings at the later stages can, by alteration of th 
pressure in the stages, be transferred from one 
stage to another as the mischief goes on, but ne 
means of completely preventing this damaxt 
has vet been discovered. Another common fail- 
ure is that of the later stages of low pressur 
blading, where probably (Cont. on page 1 
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ow aluminum 


A Photographic Sk ry 
Found al the 


General Fireproofing Co. 
Youngstown Ohio 


by Van Fisher 


Captions by R T. Griebling 


of alumi- 
num furniture manufac- 
ture are the welding torch 
and the welding rod. The 
skill of the welder in 
applying the torch and 
the rod to form a secure 
ind lasting joint is 
ellected in this smiling 
‘ace. Knowledge and skill 
e necessary to assemble 
aluminum chair, for 

is made up of a number 
separate metal pieces. 


are made 
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Frames which will even- 
tually become backs and 
back legs are stacked after 
bending, ready for assem- 
bly in jigs, where further 
work is to be done. Alu- 
minum furniture has been 
in commercial production 
ever since 1927, although 
some chairs were made 
on special order in 19214. 
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Manufacture is simplilied 
wherever possible. It begins 


with lengths of aluminun 
tubing which are formed, j; 
the initial operations, in cies 
or on simple bending brakes 
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Executives’ swivel chairs are provided with comfortable 
upholstering and large perforated seat pans, which are 
stamped out on a blanking press. After the stamping 
operation, the excess metal on the sides is sheared off. RS: 
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Welding flux looks messy, 
is necessary for adhesin 
between the tubing and the 
metal from the welding rod 
which melts into the joint, 
Later this flux is removed. 


Quick clamping jigs and fixtures hold the separate 
metal parts in place while the welder applies the 


torch to join them securely. After assembly the 
tack welds” the back slats to the frame. 


workman 
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An elaborate jig assembles the entire chair from its 
component parts and sub-assemblies. Mechanical 
joints and reinforcements hold the back frame to the 
rear of the seat frame, but all other joints are welded. 


Xf: At right the workman is finishing a weld at the seat- 
: to-leg joint, one of the last of the welding operations. 
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Off comes the flux! 
contains a solution that washes the flux away, 
attack the aluminum or the welded joints. 


that 


Rough, ripply welds 
must be dressed down 
with a small portable 
grinder. Then the metal 
parts seem to flow into 
one another, 


The chair frame is lowered into 
a mild solution 


a tank which 


| 
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A bufling wheel for an attractive and unique 
burnished finish on the completed metal chair. 
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Aluminum alloys for easy working pushed into the heat treating cham- 
. are soft and their strength can be ber. After such treatment a final hand 

| increased by a simple heat treatment. finishing operation by fine abrasives 
Be A rack-load of chairs is here being gives the metal a finish like satin. 
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hard, transparent, protective coating is applied to the 
face by a spray gun, if a metallic finish is desired. For solid 
olor finishes, the chairs are sandblasted and then spraved. 
or imitation wood, the graining is applied by rubber rollers 
ver the solid color. The seat pan, with its upholstering, 
s now firmly attached, and the chair is ready for shipment. 


The application of modern welding technique is 
the reason for the durability of aluminum furni- 
ture. Welding makes of each unit one integral 
piece which will neither squeak nor creak, and 
which will retain its sturdy construction forever. 
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opper in some 


alloy steels 


A RATHER COMPREHENSIVE STUDY of the 
effect of more copper than the usual 0.20 to 0.50% 
(added to increase the resistance to atmospheric 
corrosion) was made in an effort to develop a 
structural steel of high vield strength. Composition 
of the basis metal was therefore limited to low 
chromium and nickel steels. Carbon in most cases 
was in the range 0.20 to 0.35, although some very 
soft steels containing 0.05° carbon, 0.50% chro- 
mium, and copper from 1.62 to 5.20% were studied. 
The maximum temperature of reheating for rolling 
or forging was limited to 1920° F. to avoid melting 
any metallic copper formed in the scale and the 
consequent possibility of intererystalline penetra- 
tion by this liquid copper. 

Mechanical properties of the steels were studied 
after they had been normalized in the neighborhood 
of 1500° F., and then tempered at lower tempera- 
tures (say 900° F.). The steels fell into two groups. 
Typical of Group I are the soft, 0.500 chromium 
steels, which did not harden appreciably after 
normalizing. Group II contains steels of air-hard- 
ening characteristics such as mild nickel-chromium 
steels (S.A.E. 3100 series). 

Hardness of steels of Group I after normalizing 
depends largely on the carbon content. A copper 
compound or solution is precipitated from the alpha 
iron on tempering between 850 and 1100° F., and 
this further hardens the steel. This so-called “tem- 
per-hardening” reaches a maximum in a_ shorter 
time at the higher tempering temperatures, 5 hr. 
being required to secure it at 850° F., and 2 hr. at 
925° FF. This gain in hardness amounted to about 
60 Brinell hardness numbers, and an increase in the 
copper content above 1.6% did not increase the 
effect. While the Izod number of all the very low 
carbon steels was over 9% ft-lb., the notched bar 
impact figure of the other steels temper-hardened 
at 930° F. was low or irregular, but considerably 
better values were obtained when temper-hardening 
was carried out at 1025° F. The properties of tem- 
per-hardened 2.0% nickel-copper steels were slightly 
inferior to the 0.5% chromium-copper steels. 


2 
By R. Harrison 
Summary of paper for May meeting 
Pritish Iron & Stee! Institute 


Hardness of steels of Group |] 
immediately after normalizing depended 
on their ability to air harden, and the 
above described effect of copper was 
masked by the softening due to the 
normal reactions of tempering. In other 
words, short reheatings tend to soften 
the normalized steels; on longer reheat- 
ings some temper-hardening may be 
noted. Better mechanical properties 
can therefore be achieved in small test 

pieces of hardenable alloy steels after ordinary heat 
treatments than after the addition of copper and 
the optimum precipitation hardening. 

Some of the softer steels were oil quenched 
from the normalizing heats. The properties, as oil 
hardened and tempered, of the medium carbon 
steels containing chromium or nickel in addition 
to copper were generally improved by an increase 
in the copper content above the 1.5°° necessary to 
give maximum temper-hardening. It appears that 
part at least of the nickel of such steels may be 
replaced by a similar weight of copper. Copper 
appeared to be without influence in increasing or 
reducing the susceptibility to temper brittleness. 
In all the microstructures examined the effect of 
copper in producing a fine grain size was noted. 

Precipitation hardening, if it can develop equal 
mechanical properties, has an important practical 
consequence in that large and complicated forgings 
or castings may be hardened uniformly throughout 
the section and without introducing the danger of 
warping or cracking by quenching. However, the 
results of this study on forgings up to 3'2 in. diam- 
eter indicate that the simple treatment sacrifices 
some of the properties obtainable, especially the 
Izod values. The advantage therefore lies with the 
ordinary method of quench hardening and temper- 
ing. The latter treatment is essential for obtaining 
high tensile strength. An argument for the temper- 
hardening treatment is that it should minimize the 
mass effect, but this advantage does not apply in 
sections of moderate size, since copper itself has a 
beneficial effect in increasing the depth of quench 
hardening. By temper-hardening alone, without the 
aid of some air hardening in normalizing, a tensile 
strength of over 110,000 psi. is not easy to get. 

For moderate tensile strength the two treat 
ments may be adjusted to give the same hardness 
and maximum load. In these conditions of equa! 
hardness the tensile properties, including the elon 
gation and reduction of area, are similar, but the 
notched bar impact figure in these tests is invariably 
considerably lower in the temper-hardened steel. 
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By Edward W. P. Smith 
Consulting Engineer 


Lincoln Electric Co., Cleveland, Ohio 


larger and more modern 
electric generators and (2) 
larger electrodes. Without 
marshalling facts and fig- 


| he economics of ures, it may be stated that 


arc welding 


| SALESMEN say that pros- 
pective purchasers seldom lift the hood — they 
assume that there is an engine underneath! In 
other words the mechanism is accepted as 
proven and suitable. 

Much the same state of mind is growing up 
about welding. Those who are abreast of the 
times realize that, technically, the welded joint 
isproven The remaining question is cost. How 
does the cost compare with alternative methods 
of joining? 

True costs involve costs in use. However, 
such computations of true costs can only be 
made for specific cases with a great amount of 
accurate data in hand. In order to discuss one 
important item making up true costs, and for 
the sake of clarity, “welding costs” will be 
assumed to include the operations necessary to 
(a) prepare the sub-assemblies from stock steel, 
(b) weld all seams and (c) finish the welding in 
such manner as to be ready for subsequent 
manufacturing operations (or, if none are neces- 
sary, for delivery to the customer). For the sake 
of simplicity the cost of the raw materials (stock 
plate, shapes and bars) is not included, as it is 
fairly well fixed and not greatly influenced by 
welding technique, but the costs of supplies 
(electrodes and power) and labor are included. 
\s will be shown by the following analysis, arc 
velding costs are notably reduced by use of (1) 


restatement of ideas originally presented to American Society of Mechanical 


large electrodes (other con- 
ditions being correct) will 
deposit the required amount 
of metal of high quality and 
ductility with fewer passes 
and thus result in less tend- 
ency toward distortion, 

Large generators and 
large electrodes produce, 
therefore, welded construc- 
tion of improved quality and 
at low costs. When quality 
goes up and cost goes down, 
can more be required of a process? 

Before preparatory work can commence, a 
design must be made, and the designer selects 
the type of joint best suited for his purpose. 
Many factors enter his consideration, but we are 
only here concerned with the cost. How costs 
enter may be indicated by a brief statement 
concerning butt joints: 

The plain butt joint is simplest to prepare 

being merely squared edges, spaced a dis- 
tance apart depending on thickness. This is 
quite appropriate for all thicknesses which do 
not exceed twice the penetration of the are in 
use. (Welding from both sides must in such 
cases be convenient.) Preparation of the single 
V joint costs more than the plain butt joint and 
more electrode is required. Lastly, for the 
double V joint the cost of machining is higher 
vet, but it requires only half the amount of elec- 
trode for the same plate thickness. Economy 
for the very thick plates or slabs is effected by 
the single U or double U type of scarf. 

If the designer has correct basic costs for 
machining and costs per pound of deposited 
metal, he can select the most economical type 
of joint from among those which satisfy other 
factors of design. He can also determine 
whether it will be less expensive to bend a plate 
rather than weld two pieces at a corner, or to 
use gas cutting rather than shears or other 


Engineers 
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mechanical means that are at his disposal. 

Next is the matter of sub-assemblies. On 
this, obviously, only general statements can be 
made. But a study of assemblies and = sub- 
assemblies, the ease of handling and accessi- 
bilitv of welds are all factors to be considered, 
and welding permits these sub-assemblies and 


assemblies to be so easily made. 


Labor, Electrodes, Power 


So much for the preparatory costs. The 
cost of weldi:.«, as such, is made up of three 
general parts: i.abor (including overhead), 
electrodes, and power. Labor costs, in turn, 
depend largely on the operating factor and the 
speed of welding. 

Many studies of actual conditions lead to 
the conclusion that greatest cost reductions can 
be made by increasing the operating factor 
that is, by reducing the idle time when the 
operator for some reason or other is not weld- 
ing. One important method of doing this is by 
proper jigs and fixtures, and the use of helpers 
to load and unload them. When working on 
simple parts, it is fre- 
quently easy to double the 
production per welder 


The labor cost reduction is readily apparent, 

The cost due to use of electrode is an 
important factor. Note that the statement is 
“the cost due to use of electrode,” not “the cost 
per pound of the electrode.” The size, the qual- 
ity of deposit and the physical characteristics 
of the joint all depend upon the electrode. 

The size of the electrode is a considerable 
factor in the ultimate cost. As a basis of discus- 
sion, assume that only the size of the electrode 
is changed; the deposition efficiency (that is, 
ratio of deposited metal to total electrode pur- 
chased), kind of joint, and all other items 
remain constant. Labor is assumed at $1.00 per 
hr., overhead is 100° on labor, power costs 2¢ 
per kw-hr., deposition efficiency is 663°C, and 
operating factor is 50‘. Costs per pound of 
electrode deposited are then as computed in the 
table shown below. 

Note that the use of a 14-in. electrode in 
place of a ;-in. one means a cost reduction of 
12°.. It is obvious that the largest sized elec- 
trode should be used, from a cost standpoint, 
that can be used on the type of joint in question. 

Another item to consider in relation to costs 


Effect of Electrode Size on Coast of Deposited Meta/ 


without undue fatigue, 


merely by providing him 


st Amperes 
with an extra jig and one Are volts 
helper. Kilowatts at arc 


Efficiency of set % 
Kilowatls input 


Another factor’ in 
reducing expensive labor 


costs is the matter of posi- consumption, lb per hr. 
tioning the work so it is “Actual deposit, /b per hr 


convenient and easy for the interruptions por & 


operator to weld. If he can 


weld inthe “down” 
a ways weld in the “down Sianhoad 
position it) will) result) in Power 
considerable increase in Electrode 


Theoretica/ electrode 


Dollar Cost per Pound in Deposit 


Cost of interruptions 


V8 In 5/32 In.| 3/76 In V4 in 5/16 In | 3/8 In 
710 130 150 250 325 425 
24 2s 26 30 34 38 
264 3.25 3.9 75 17.7 16.1 
47 50 57 SS 59 59 
5.6 6.5 265 13.65 78.8 273 
26 33 395 -S 107 16.2 
0.87 7.7 132 25 3.57 5.4 


1150 | 0909 | 0758 | 0400 | 0280 | Q185 
1150 | .909| .758 | 400 | | .185 


064 | .059| .058| .055| .053| 057 
150 | 135| 127 | 122| 127| 127 
050 | .033| .022| .074| .008| .005 


speed of welding and less 


fatigue. Total 


| 2564 | 2045 | 1723 | 0996 | 0748 | C553 


Take for an example: 
A fillet weld or cor- 
ner weld made between 
a horizontal and a_ vertical plate would 
require, to control the molten metal, three 
passes with a comparatively light electrode and 
current, Net speed would be 11 ft. per hr. If 
such a joint were positioned so the intersecting 
plates were at 45” to the horizontal, thus form- 
ing a trough for the molten metal, the joint 
could be formed with one pass of a heavy elec- 
trode and the are speed would be 26 ft. per hr. 


‘ deposition efficiency and 50% operating factor 


of welding is the performance of the electrod 
The cost per foot or the cost per pound of 
deposited metal (not the cost per pound of elec- 
trode purchased) is the important item so far 2s 
electrode is concerned. Perhaps it might | 
said that deposition efliciency and speed are t! 
determining factors because it must be true th: 
the physical performance of the electrodes to | 
compared is nearly the same. Data from 
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eful test on two commercial electrodes in 
oduction on the same job are indicative. 

In both cases 14-in. electrodes were used 
th 340 amperes and 34 volts, and the efliciency 
of the generator was 59.57. Tensile tests on 
metal deposited vielded comparable figures. 
Other measured and derived data follow: 


ELeEcTRODE ELECTRODE 


A B 
Weight of coating on electrode = 22.2% 20.1% 
Average electrode consumed 
per joint 1.60 Ib. 1.56 Ib. 
Less stub ends 0.23 Ib. 0.39 Ib. 
Net consumption 1.37 Ib. 1.17 Ib. 


Gain in weight of welding 
(weight of deposit) 

Per cent loss 

rime per joint 

Deposit per hr. 


0.94 Ib. 0.85 Ib. 
31 27 

7.9 min, 5.9 min, 

7.1 Ib. 8.6 Ib. 


It is probably obvious that the higher rate 
of deposition (electrode B) is to be preferred, 
but the full effect of this on the cost is easily 
realized when calculating for a large job — as, 
for instance, one requiring 10,000 Ib. of metal 
deposited in welds. Figuring costs of labor at 
$1.00 per hr., power at 2¢ per kw-hr. plus 10‘ 
to take care of idling losses, electrode at 8 
per lb. and operation factor of 50‘:, the costs 
without overhead for electrode A would be 
$1593 and for electrode B $3991, a saving for B 
of $602 or be per Ib. deposited. Six cents per 
pound deposited is about 41,¢ per lb. purchased, 
and this equals about half its first cost. 


Cost of Power 


Deposition of metal uses power and it is 
with this item we are next concerned. Power 
is supplied by special generators, driven usually 
by an electric motor. 

In selecting a welding generator, in order 
lo keep costs down, the most modern one avail- 


able should be used. This type of equipment 


has been under careful study and continual 
development. Take, for instance, some of the 
results on three models made by one of the lead- 
ing American firms, when depositing 1 Ib. from 


a ;\,-in. electrode: 


Timt Kw-Hr. 
1927 model 2.5 hr. 2.2 
1931 model 2.4 hr. 2.1 
1938 model 1.8 hr. 1.6 


Next is the selection of size of electrode. 
To do this intelligently it is necessary to know 
the application — that is, the size and type of 
joints and plate thicknesses, and also the per- 
centage of total shop production for each kind 
plate thicknesses can be 


of joint. These 


expressed in terms of welding as “arc-amperes.” 
different different 
efliciency curves, and if possible should be 
Smaller 


generators have a peak at lower values for arc- 


Generators of sizes have 


operated somewhere near their peak. 


amperes and of course are adaptable to small 
beads and thin plate. If the greater part of the 
work is done past the peak of a small generator, 
then a larger size should be used, as it will then 
work at a better efficiency. It is well to recall 
here that large electrodes result in reduced cost 
and larger electrodes require higher currents 
which are obtained at higher efliciencies in the 
large generators. 

In calculating power costs, efliciency is the 
governing item. It is necessary, however, that 
this efficiency be that at the voltage and amper- 
age existing in the arc. Manufacturers usually 
quote efficiencies at 10 volts and the figure would 
be 60° 
would be used with a !,-in. electrode, rising to 
64 or 65° for a 300 to 100-ampere are at 32 to 


for a 110-ampere, 24-volt are such as 


37 volts, used with !, to “,-in. electrodes. 

If the power input at are voltage is not 
known, it may be calculated approximately as 
shown in the table at the foot of the page. The 


cost figures shown in the last line of this 


Current Costs for Welding Generators 


Amperes 
120 200 300 400 | 
Voltage at arc 25 28 52 37 | 40 
Kilowatts output at 40 volts 4.8 8 12 16 | 20 
Efficiency at 40 volts, % 60 64 65 64 | 6 
Kilowatts nmput atl 40 volts 8.0 125 25 32.8 
Correction* 1.8 24 24 12 | 
Kilowalts input at arc voltage 6.2 10.7 | 16 238 | 328 
Cost per hr. at 2¢ $0124 | $0202 | $0.32 £0.476 | $ 0.656 


"(40 -voltage at arc) x amperes +1000 
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table are plotted against amperes in the curve remembered, does not include the overhea(. 

marked “Power” in the diagram below. Position, type of joint, deposition efficiency 

. Electrode costs in this diagram are based on all govern the speed. These points were dis- | 

. data shown in the first table, figured at 8!2¢ per cussed briefly in the foregoing. 

. Ib., 100°) operating factor and 662;‘c deposition Finishing may be as simple as painting or 

. efliciency. The curve marked “Electrode plus adding a name plate. Painting involves acces- 
power” represents the summation of these two sibility, which may be a matter of preparation. 
items. Parallel curves are drawn above this last Stress relieving or heat treatment may 
at distances representing the labor rate per hour mean special consideration in preparation and 
divided by the operation factor. Such a point handling, as well as the question of collapse or 
on the diagram as A therefore represents the deformation when the metal is hot and soft. 
hourly costs for operation at 250 arc-amperes, Proper support must be given. There must be 
$1.00 labor rate and 50° operating factor. no completely enclosed parts; otherwise the 

Straight lines at the left of the figure repre- expansion of the enclosed air would cause def- 

sent the simple relation between costs per hour ormations if not serious trouble. All of these 
(the vertical coordinates) and cost in cents per must be given careful thought and their inter- 
foot for various are speeds. To derive the latter relation thoroughly studied. 
for conditions given above (point A) and, say, This final treatment or finishing process is 
20 ft. per hr., cross over from A horizontally to related to preparation, the method of handling 
B and then down to read answer on bottom line, of joints or sub-assemblies and these in turn 
namely 14.5¢ per ft. This cost, it should be affect labor, electrode and material costs. 


Costs in Cents per Foot of Bead, Based on 2¢ Power and 8'2¢ Electrodes, for Welding at Various Labor 
Rates and Arc Speeds. Solution is shown for $1.00 labor and 50% operation factor, 20 ft. per hr. arc speed 


| 
30\ 40\ \2 
rc Speeds - Feet per Hour | 
| 
| | 
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Cost Without Overhead -Cents per Foot Arc Amperes 
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S, stools 


for cold working 


and welding 


I, THE ARTICLE IN Mera Progress last 
month some remarks were made about addition 
elements to the plain chromium-iron alloys. It 
may have been observed that the amounts of 
these special elements, so briefly mentioned, are 
as a general rule quite small as compared with 
the amount of chromium present in the alloys. 
Consequently, as one would expect, these addi- 
lions constitute merely an “improvement” — 
under some particular conditions — and their 
use is largely governed by economic considera- 
tions. Correspondingly, the tonnage of “modi- 
fied” chromium alloys consumed yearly by the 
various industries is comparatively small. 

We encounter, however, an entirely differ- 
ent situation when the amount of the added 
element is sufficiently large to modify the very 
nature of the alloy and to impart to it new 
characteristics. Of such alloys by far the most 
outstanding are those with added nickel; usually 
chromium is anywhere between 16 and 30% and 
nickel from 6 to 20%. These alloys are referred 
'o, as is well known, as “austenitic alloys,” 
because of their microstructure. It will be con- 
enient to subdivide them. on the basis of their 
iemical and mechanical characteristics and 


By Vsevolod N. Krivobe k 
Profess« r of Metalluray 
Carnegie Instit ite of Tex hnol 


Pittsburgh 


also for commercial reasons, 
into several types: 

Type No. 302; chromium 
17 to nickel 7.0 to 9.5%, 
carbon 0.20°° max, 

Type No. 304; chromium 
17 to 19°, nickel 7.0 to 9.5%, 
carbon 0.11% max. 

Type No, 309; chromium 
29 to nickel 12 to 
carbon 0.20% max. 

Type No, 310; chromium 
24 to 26°, nickel 19 to 21°, 
carbon 0.25% max. 

The important charac- 
teristic of these alloys and 
equally important distinction 
between various classes or 
types is the variation in the 
stability of their microstruc- 
tural constituent. Although 
these alloys after a simple heat treatment 
such as air cooling from 1900 or 2000° F. are 
composed of one constituent only (the phase 
‘alled austenite, a solid solution of iron, chro- 
mium, nickel and carbon) these alloys are not 
truly stable in the physico-chemical sense. ‘This 
means that if the alloys are subjected to cold 
work or to prolonged heating in a certain tem- 
perature range, new phases or entities appear 
in the microstructure with an accompanying 
modification in both chemical and mechanical 
properties. 

It well may be that either of these methods 
of treatment will ultimately lead to the same 
phase equilibrium; at least that is theoretically 
possible. The intermediate stages, however, are 
different and it is important to understand and 
differentiate the changes brought about by cold 
working and those brought about by long time 
annealing. In other words, the user should 
realize the degree of “structural stability” pos- 
sessed by these austenitic alloys. 

Fairly recently it became established that 
“structural stability” is a function of the chro- 
mium, nickel and carbon content, and further, 
that it determines the physical properties after 


Portions of a paper for Western Metal Conare ss entitled 


iracteristics and Fabrication of Stainless 


Steels Containing More Than 14% Chron 
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various manufacturing processes. Consequently, 


austenitic alloys of different analyses, although 
belonging to the same group or type, exhibit 
vastly different combinations of mechanical 
properties, as should be readily seen from the 
table at the bottom of the column. Tests in this 
study were made on annealed sheet 0.038 in. 
thick, and the same after reduction in thickness 
by cold rolling 15°), 30° and 45° respectively. 

Cold working of any of the alloys mentioned 
in the table is accompanied by the transforma- 
tion of austenite into ferrite and, presumably 
because of this transformation, by the rejection 
of carbides, preferably at slip planes. Whether 
the amount of transformed austenite is the vital 
factor governing the properties is not vet estab- 
lished. Age hardening of the previously cold 
worked alloys establishes further changes in 
properties, pointing to the possibility that the 
amount of carbides either in or out of solution 
may also serve as an indicator of available prop- 
erties. At any rate, whatever is the true reason, 
it is established that cold working of austenitic 
allovs causes transformation of the metal 
throughout the grains. 

Through the regulation of analysis and 
processing of the metal (beginning with its melt- 


Tensile Properties of Various 18-8's* 


Corrosion ,mg. per Sg.mm. 


0.13 17.08 9.66 90,000 112.000 137,000 158,000 


ANALYSIS AmMouNT oF REDUCTION 

Cr Ni NONI 15% 306; 

21,000 52.000 110,000 150,000 

0.05 17.13) 7.07 137,000 161,000 180,000 197,000 
21.0 12.5 6.5 2.0 

25,000 37,000 68,000 86,000 

0.05 16.83) 9.79 87.000 107,000 126,000 152,000 
68.0 42.0) 23.0 4.0 

28.000 95,000 105,000 148,000 

0.06 18.68) 7.33 | 127,000 154,000 177,000 199,000 
36.5 12.0 2.9 

25,000 42,500 60,000 100,000 

0.05 18.22) 9.14 ) 86,000 102.000 128,000 155,000 
68.5 44.0 22.0 5.5 


30.000 62.000 120,000 160,000 
0.14 17.26 7.07 136,000 176,000 206,000 238,000 
65.0 32.0 15.5 3.5 


32,000 51.000 65,000 92.000 


0.16 18.88 8.78 


99,600 


sho 


120,000 


38.0 


60.0 42.0 18.0 

29.000 50,000 78,000 123,000 

0.16 19.68 6.68 114.000 144,000 172,000 | 200,000 
80.0 50.0 32.0 17.0 

30,000 50,000 75,000 100,000 


150,000 173,000 


20.0 7.0 


Figures are respectively (a) load, psi., to produce 


permanent set 


of 


O.0002 


in. 


in 


strength, (c) elongation in 2 in. 


4 


(b) ultimate 


Metal Progress 


Loss in 144 hours 


72 hours 


Ny 
\ 


24 hours 


oO /0 20 J0 40 50 60 
% Reduction by Cold Rolling 
Effect of Cold Work on Corrodibility of a Typical 
18-8 Is Prominently Indicated by Long Time Tests. 
Corroding medium is cold 20% sulphuric acid 


ing in the electric furnace) combinations of 
mechanical properties are now available which 
permit forming or drawing operations that have 
heretofore been considered impossible (or, to 
say the least, very difficult and uncertain). The 
examples of deep drawing, stamping and spin- 
hing shown at the 1937 Chemical Exposition in 
New York as regular items of production are 
ample proof of what can be done. As would 
be expected, the “ease” or “difticulty” with 
which the metal responds to the fabricating 
process, the degree of hardening that takes 
place during fabrication, also the magnitude 
of internal stresses locked in the metal, are 
all affected by composition. 

In some circumstances the relief of inter- 
nal stresses is essential and should be done 
immediately after fabrication. The tempera- 
ture for stress relief is governed by circum- 
stances, but in most cases it is desirable to 
have it as high as possible and to approach 
that of a full anneal from 1950 to 20507 F. 

Necessity for stress relieving is dictated 
by these possibilities: (a) Mechanical rupture 
of the heavily stressed (or heavily cold 
worked) sections, (b) diminished resistance 
to general or over-all corrosion, such as indi- 
cated by the laboratory test summarized in 
the curves above and (c) local, deep “stress 
corrosion,” occurring only under certain con 
binations of degree (or magnitude) of stress 
and attack by corrosive media. A sample ot! 
the latter is photographed and reproduced (0 
the half-tone on the next page. 
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ratures (from 800 to 1500° F.) will break 
wn the austenite into ferrite and complex car- 
This action is /ocal, manifesting itself in 


des. 


e most pronounced manner at the grain 


sundaries and, in certain compositions, requir- 
only a short time within above mentioned 
temperature range. This phenomenon is almost 
niversally spoken of as “carbide precipitation” 
or “disintegration,” and is so well known that 
to do more than mention it would be altogether 
unnecessary. Since carbide precipitation lowers 
the corrosion resistance and may take place very 
readily — at least, as was stated, in alloys of 


certain composition — even such a short time 


Tube Made of Austenitic 


at high temperature as for example in welding 
nay prove suflicient to cause serious trouble in 
The effect of heat of welding should be 
mentioned purposely as an example of the 
rapidity with which certain alloy compositions 
may be affected, because it is obviously an 


use, 


important factor in construction and use. 

The susceptibility of some austenitic alloys, 
otherwise so excellent in many important char- 
acteristics, to carbide precipitation is naturally 
4 serious detriment which metallurgists have 
diligently tried to correct. The following meth- 
cds, applied in accordance with circumstances, 
‘ave solved, for all practical purposes, the just 
mentioned difficulty: 

1. Lowering the carbon content to the per- 
ssible (commercially obtainable) values and 
the same time properly adjusting the content 
chromium and nickel. 


Combination of Localized Stress (Internal or Applied) 
and Corroston Caused Cracks to Penetrate Wall of This 


Chromium-Nickel-lron 


2. Modifying the alloy composition by add- 
ing one of the elements vanadium, molybdenum, 
Of the five 
mentioned, titanium and columbium, especially 


titanium, columbium or tantalum. 


the latter for reasons that will soon be described, 
are considered the most valuable, because they 
effectively prevent difliculties caused by trans- 
formation of the austenite. Considerably less 
effective is vanadium. The austenitic structure 
of the chromium-nickel alloys is not changed by 
the additions of either titanium, columbium or 
vanadium, in amounts as are used commer- 
The 


down, but does not prevent, carbide precipita- 


cially. addition of molybdenum = slows 


tion, Ordinarily that is, 
unless the composition of 
the alloy is modified 
molybdenum additions 
result in a duplex micro- 
structure of the alloys, 


with some consequent 
changes in other charac- 
teristics. 


3. Careful 
at high temperatures and 


annealing 


rapid cooling of the whole 
assembly which may have 
local 


been subjected to 


heating. This is an effec- 
tive method, providing the 
heat treatment can be car- 
ried out properly and the 
assembly is to operate at 
Allog room or only slightly ele- 
vated temperatures. 

The 


the first method above is proven by observation, 


effectiveness of 
upheld by careful laboratory tests. By choosing 
a carbon content and adjusting the composition 
in chromium and nickel, the alloys become more 
“sluggish” insofar as precipitation of carbides 
at grain boundaries is concerned, and require a 
much longer time within the dangerous tem- 
perature zone (800 to 15007 to 
formation of a continuous network of carbides 


cause the 


the only kind producing grain boundary dis- 
integration and thus being harmful to the cor- 
rosion resistance. 

Thus the serviceability of these alloys is 
determined solely by the conditions of service; 
they could not and should not be considered for 
continuous service at the temperature range 
from 800 to 15007 
media. On the other hand if the alloy is to be 


subjected to heating within dangerous range of 


in the presence of corrosive 
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temperatures for only a short time and then 
serve at room temperature, its use should be 
possible. 

An example of such conditions would be 
joining by welding. If the material to be welded 
is relatively thin and, consequently, the dissipa- 
tion of heat takes place rapidly, the welded 
assembly would be quite suitable to many indus- 
trial applications with mildly corrosive condi- 
tions, (using “mildly corrosive” in the sense as 
we use it in regard to stainless steels). Obvi- 
ously each individual case should be separately 
studied and not only the corrosive conditions 
but the method of construction be taken into 


17.75% Cr, 9.97% Ni, 0.09% C, 0.47% Ti 


In fact, their addition does not prevent, strictly 
speaking, the partial decomposition of austenite, 
nor does it arrest altogether the familiar pre- 
cipitation of carbides. Partial decomposition 
(transformation) is proven by the appearance 
of magnetism in cold worked, or suitably 
treated, alloys containing columbium or tita- 
nium. Cold working also strengthens and hard- 
ens them; in fact alloys containing titanium 
work harden more rapidly than either the chro- 
mium-nickel alloy or the same with columbium. 
Likewise, the presence of carbides is observed 
under the microscope, deposited along the grain 
boundaries, but not necessarily in a network. 


» 


19.9% Cr, 8.97% Ni, 0.08% C, 0.82% Cb 


Effect of Cross Welding on Corrodibility of “-In. 18-8 Plates With Titanium (Left) or Columbium (Right). Weld- 
ing rod cut from plates, Exposed to 10% HNO, plus 4% HF, at 140° F. for four 30-min, periods. Natural siz 


consideration. Welding of thin sheets may 
prove thoroughly satisfactory, but welding of 
the same thin sheet to some other part of con- 
siderable thickness may not. Again, such details 
as whether single or cross welding may be neces- 
sary in the course of construction should be 
carefully weighed. 

When the chromium-nickel alloy has to be 
used within the temperature zone of carbide 
precipitation in the presence of corrosive media, 
the addition of either columbium or titanium, 
or in some cases vanadium, is obligatory. 
Usually these elements are added in amounts 
from 0.50°% titanium to about 1.0° for the other 
two, depending upon the carbon content of the 
alloy. As was mentioned, these elements do not 
alter the structural constitution of the alloys. 


Nor does their presence seem to rob the grain 
boundaries of their ordinarily high resistance to 
corrosion. 

Titanium bearing alloys contain, as a rule, 
fairly numerous non-metallic inclusions and 
appear somewhat “dirty” under the microscope. 
When the artificial but generally adopted 
method of testing the over-all corrosion resist- 
ance — namely, boiling nitric acid — is applied, 
the alloy’s resistance will be found diminished, 
as compared to the alloy without titanium. 
While this effect may be important in some 
specific cases, ordinarily the resistance to gen- 


eral corrosion does not suffer enough to pre- 
clude the use of the alloy with titanium in many 
commercial applications. 

The presence of columbium, although this 
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lement is used in greater amounts than tita- 
ium, is less detrimental to general or solution 

rrosion. Although both alloys are quite effec- 
ive in forestalling grain boundary attack, there 
is a very important distinction between them 
when they are to be applied in welded construc- 
tions. Ordinarily, welding rod of the same 
composition as the parent metal is used. In 
either are or gas welding most of the titanium 
(in some cases as much as 80°C) is oxidized and 
lost during fusion. Hence, not only the welding 
bead proper but also the areas immediately 


adjacent to the weld are composed of metal 
with very little titanium 


in fact so little that 


Plates % in. thick; 24.52% Cr, 19.49% Ni, 0.07% 


retains, after welding, its resistance to inter- 
granular corrosion, acquired through the addi- 
tion and presence of columbium. — Intricate 
welding designs can therefore be carried out 
without the necessity of annealing, except for 
the purposes of stress relieving. 

The third method recommended above to 
insure the expected performance on the part of 
the austenitic alloys after fabrication by welding 
is that of annealing. Simple as it may appear, 
this is obviously limited to vessels (or whatever 
it may be) of not too excessive size, or to mate- 
rial of not too great thickness. It is necessary 
not only to heat the metal to high temperature 


Plates 7s in. thick; 24.96 Cr, 20.080 Ni, 0.090 C 


Thicker Plates, Requiring Multiple Beads and Therefore More Welding Heat, Have Less Resistance to Severe Corro- 
sion. Welding rods cut from plates welded; samples boiled in 15% HNO _ plus 3% HF for two periods of four hours 


its amount is insufficient to exert its useful influ- 
ence, and if the article is to be used within the 
dangerous temperature zone, the harmful pre- 
cipitation of carbides will then occur. 

A very good illustration of this phenomenon 
can be furnished by cross-welding titanium 
bearing metal, as shown in the opposite 
view. When the first bead is laid out, titanium 
is lost. Upon the application of the second bead 
the heat of welding precipitates harmful car- 
bides in the reheated areas. When, later, the 
sample is subjected to severe corrosion, this 
zone suffers a heavy attack or actual disintegra- 
tion, depending upon the test that is applied. 

On the other hand very little columbium is 
‘ost from the welding rod or from the areas 
idjacent to the weld. Consequently, the metal 


(1850 to 20507 F.) thus putting the carbides into 
solution, but also to cool the metal rapidly 
enough to prevent re-precipitation of carbides 
upon cooling. The metal should reach 600 to 
700° F. in no more than a few minutes, and such 
rapid cooling is not easily accomplished with 
large or complicated articles. However, unless 
cooling is rapid more harm than good will be 
done by annealing, and the fabricator should 
fully realize this danger. 

Thus, the choice of the proper material for 
fabrication by welding is governed not only by 
the intended service or by the details of fabrica- 
tion (such as cross welding) but also by the 
size of the proposed article and by the gage of 
the material to be used. Obviously if thick 
plates are to be welded (Continued on page 160) 
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Softening Flames From 30-Tip Head Following Cutting Blowpipe in 
a Machine Operating on 1-In. Plate of Low Alloy Structural Steel 
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= CARBON STEELS without alloys — 
that is, the ordinary structural steel and boiler 

steel 
| with an oxy-acetylene cutting blowpipe. The 


are simply and economically shaped 


practice is so widespread as to be almost univer- 
sal. Nevertheless, doubts have been expressed, 
as to whether the operation and its sudden 


heat would harm the steel along the cut surface, 
and a number of studies have been made which 
should finally settle this point. 

Perhaps the most extensive of these investi- 
gations was made by J. H. Zimmerman of the 
faculty of Massachusetts Institute of Technol- 
ogy, and reported to the International Acetylene 
Association in 1934 and 1935. He compared 
the surfaces left on 14-in. standard = struc- 
tural steel plate by five cutting procedures, 
namely, machining, shearing, friction sawing, 
hand torch, and machine flame. Later these 
studies were extended to heavier thicknesses 
ind other specifications such as bridge steel 

\.S.T.M. specification A-7) and flange steel 
\-70. His conclusions on these low carbon steels 
re worth repetition: 

“1. The disturbance of the hardness and struc- 
re of the structural steel plate tested is less severe 
| flame cutting than in either shearing or friction 
Wing. 


—_— softening of 


cut surfaces on 


strong steels 


By Herbert H. Moss 
Dev elopn ent 
The Linde Air Pr d icts Compar 
New York City 


“2. Machine flame cutting 
does not appreciably affect 
the toughness of the metal 
adjacent to the cut surface; 
hand-torch cutting definitely 
improves the toughness of this 
metal; shearing or friction 
sawing decreases the tough- 
ness slightly. 

“3. Ductility of the struc- 
tural plate tested, as deter- 
mined by the cold-bend test, is 
less seriously affected — by 
hand-torch cutting than by 
either shearing friction 
sawing. Machine flame cut- 

ting may even be beneficial in 
this respect.” 

These statements gave a 
sound basis to the general 
practice in the steel works. 
As expressed by L. M. Cur- 

tiss of Lukens Steel Co. to the same Association 
in 1931 in a paper on “Machine Gas Cutting of 
Heavy Plate,” the 


changes produced by the cutting operation 


physical and = chemical 
leave a thin hardened zone on the outside edge, 
the penetration of which is usually superficial. 
With ordinary steels of 0.380% 
under, no particular difficulty has been experi- 
enced in the Lukens plant in bending or fabri- 


carbon and 


cating, whereas with high carbon and alloy 
steels, the precautions of annealing or machin- 
ing should be taken in order to remove the 
hardened edge. 

So much for the plain carbon mild steels. 
In recent vears a number of stronger steels have 
been widely employed for large structures and 


machines. It seon became evident that these 
were not reacting in the same manner. The 


matter was brought to a head early in the fabri- 
cation of steel for the two large bridges at San 
Francisco. Leon S. Moisseiff, consulting engi- 
neer for the Golden Gate suspension bridge, 
reported adversely on flame cutting of the 
so-called silicon structural steel, and an investi- 
gation by the American Bureau of Welding led 
to the conclusion that a flame cutting blowpipe. 
as ordinarily used, was not a satisfactory tool 
for the grade of steel in question, 
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It may be stated immediately that localized 


heat treating provided an economical means for 
overcoming the trouble, and handy equipment 
was devised for doing this either immediately 
ahead or immediately behind the cutting flame. 
llowever, a broad investigation of the problem 
seemed to call for a study of the following 


points: 


(a) The demarcation as to analysis where 


real damage begins in fabrication or in use. 


(b) Inexpensive means to correct it, easily 


applicable to shop or field practices. 


Point (a) cannot be gaged by a single vard- 


stick, but for our present purposes the hardness 


and bending ability of the cut surface will be 


illuminating, 

Hardness is a good measure of tensile 
strength. It is also known that machining (as 
done in structural shops) generally is classed as 
“difficult” as the Brinell hardness approaches 
300; probability of surface cracking enters as 
the hardness approaches $75 Brinell, beyond 
this is the brittle range. Due to the shallow 
depth of the hardened zone under investigation 
in these tests, hardness readings were made 
with the Rockwell C scale for the hardest sur- 
faces and with the Rockwell B scale for flame 
softened surfaces. In the field, ins-some cases, 
the portable scleroscope was used. All were 
then converted to Brinell readings. 

Bend tests may be made on a specimen, 


approximately square in cross-section and [2 
in. long, so placed that the flame-cut surface 
will be on the outside of the bend. A.S.T.\. 
specifications generally require no cracks in a 
180° cold bend, either flat or around a pin of 
specified diameter, depending on the quality of 
the plate and its thickness. This may be termed 
the “cold bend test” and noted as “c.b.” in the 
table below. Another recommendation is to 
bend slowly in a press in a standard fixture and 
measure the elongation of the stretched surface 
when cracks start. This may be termed the 
“free bend test” (f.b. in the table). The writer 
believes that a better test is an “anvil bend” 
(a.b.), performed as shown in the sketch, ham- 
mering with 8-lb. sledge, full arm swing. The 
measure of ductility for the surface under test 
was the angle of bend at the moment of rupture 
at the crown of the bend. While this test is 


* somewhat at variance with standard pin bend 


tests, it is regarded as a more drastic test of 
metal surfaces, particularly of the marginally 
affected zones under the cut surface. 

Data given in the table are averages resting 
upon production operations with oxy-acetylene 
flame cutters. Temperature of the steel when 
cut was that of shop or laboratory, ranging 
from 50 to 80° F, 
expected when the steels are cut at lower tem- 


Increased hardening can be 


peratures and vice versa. Thickness of plate, 
in most tests, ranged from *,; in. to 14 in. 


Effect of Cutting and Flame Softening of High Strength Steels 


Grade Parent Meta/ Gas Cut Flarne Softened 
end Significant Analysis Hardness Bend Hardness Bend Hardness Bend 
Carbon structural 
C 0.25; Mn 0.45 137 180° 218 max. |170°to 
Medium carbon (SAE 1040) 
C040;Mn 0.55 153 to 170 180° 370 — — — 
High carbon (rails) 
0.70;Mn 0.75; | 222 to 259 | 54°to 532 to 639 0° 2b. 235 to 325 | 3°to 62%ab 
38° to 180A 
Silicon structural (low Mn) 180° 
C 0.30:Mn Si 0.25 149 to 180 40 to 187 to 522 153 to 212 180 
Silicon struct. (mediurn Mn) 
C030; Mn 125; SiO25 165 to 223 180° cb. 241 lo 444 \ O° to 56%.b | 179 to 228 1780 °c.b 
Medium manganese 
180° ab 0° to 
C030; 1111.50; S'O25 | 150 to200 33 to 46% fh 203 to 555 8%Pb 179 to 285 780 
Silico - manganese 
C040; Mn 150; Si 200 | 140lannealed) — 469 247 
Nicke/  structura/ 
C Q30;Mn 070; N 325 | 214 t0240 ab. 430 539) 5°tod4ob | 179 to 237 180° a.b. 
Nickel chromium 
C030; M325; Cr125 | 196nnea/ed) — 455 262 
‘Cor -Ten" 
CQ10; Si e 
Cr 025: P0122 132 to 175 780°3.b 132 to 258 | 145 to200 780° a.b 
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As shown in the table, the low alloy struc- 
ral grades of steel, with few exceptions, are 
en to be in an extremely vulnerable position 

.s far as concerns hardness and bending quali- 
es of flame-cut surfaces. This explains why it 
jas been necessary for the fabricating shops to 
machine or grind such surfaces in these grades 
, order to prevent subsequent damage. Where 
dimensions permit, parts have been preheated 
or annealed after cutting, or, as is often done in 
the steel mills, sandwiched between hot slabs or 
ingots. Similar remedial 


practices are employed 


for the plain high carbon 
steels. These supplemen- Sammer here 


lary operations, while 

effective, add substantial 

increments of cost. 

Jest cut surface 


Commercial appara- 
tus developed by The 
Linde Air Products Co. to Coupon 


perform the necessary 
heat treatments are shown 
in accompanying half- 
tones. A rapid input of 
heat was necessary and 
the oxy-acetvlene flame 
provided this. The neces- 
sary quantity of heat was 
obtained by banking 
numerous flames in suit- 


it is desired to soften one side or face of a cut 
or kerf by post heating, one 30-flame head 
usually suffices where the thickness of the metal 
does not exceed 144 to 2 in. If the cut is through 
the body of the plate and it is desired to soften 
both sides or faces of the cut, two 30-flame heads 
should be used, one operating on either side of 
the kerf. 

As the gage of the metal increases, it 
becomes more and more difficult and expensive 
to carry out the simultaneous operation inas- 
much as it must be per- 
formed by soaking the heat 
into the metal from its 


upper and lower surfaces, 
It is better to apply the 


120° minimum localized heat treatment 


\ directly onto the surface of 
Crown \ the cut after the parts are 
separated. This operation 


1t radius 


is likewise performed pro- 
gressively. For such treat- 
ment in heavy slabs, 
economy may be obtained 
by banking two or more 
heads abreast. A set-up for 
such work is indicated in 
the view on page 145. 

The sketch page 


141 indicates some of 


the possibilities of — this 


able blocks which could be 
so placed about the cutting 
flame as to effect the 
desired heat treatments. 
Simultaneous operations required only the 
adjustment of heat quantity to effect a specific 
treatment at a specified cutting rate. The sev- 
eral units are assembled from standard equip- 
ment with the exception of the’ blowpipe 
mountings which are best worked out at the 
place of application. 

Flame softening heat is provided by either 
‘flame or 30-flame water-cooled heads and 
these are connected by straight or angular fit- 
ings to blowpipes providing adequate volumes 
of mixed gases. 

For straight-line mechanical applications 
vr usual fabricating shop purposes, a variable 
eed, portable propelling unit is employed to 
ove the apparatus over the work. Various 
mbinations of flame assemblies and heat 
reas can be obtained by grouping the multi- 
‘ame heads, and by the further expedient of 
inking out one or more tips with plugs. When 


“Anvil Bend Test” Used to Determine 
Ductility of Flame 


process as to the heat cycle 
imposed on the metal at 
Cut Surfaces and closely adjacent to the 
cut. The curve labeled 
“plain flame cutting” indicates that this metal is 
cooled very rapidly from near the melting point 
to below the critical temperature after the cut 
is finished, since the cold metal of the plate 
abstracts heat rapidly. This is a virtual self- 
quench, and is responsible for the hardened 
surface. When the cutting flame is followed by 
a block of softening flames as shown by the full 
page engraving at the head of this article, which 
heat the top surface locally to a faint visible 
red (say 10007 F., well below the critical point), 
the conditions are as indicated by the curve 
marked “flame softening by tempering.” Where 
such post heating is employed, the heat gener- 
ated by the cutting operation elevates the tem- 
perature of the metal in the cut surface to the 
melting point, whereupon it drops rapidly, pass- 
ing quickly through the Ar, temperature to a 
point well below where it is again elevated by 
the post heating to a predetermined red heat, 
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Water-Cooled Block Containing Seven Heating Tips, and 
Necks for Attachment to Standard Welding Blowpipe 


from which point it is allowed to cool to normal 
temperatures. 

For air hardening grades, such as the nickel 
and silicon and manganese structural steels, it 
is essential that the post heat do not exceed the 
critical point. The heat treatment indicated by 
this curve allows the hard constituents to form 
immediately after the cutting flame has passed, 
whereupon they are tempered or softened by 
the subsequent heating operation. 

For steels which are more highly resistant 
to tempering, such as some of the low alloy 
chromium-nickel and chromium-molybdenum 
steels, the time-temperature conditions for 
effective tempering are so critical that it is more 
expedient to anneal, followed by a sub-critical 
heat; this has been found effective in producing 
substantial reductions in the hardness of plain 
gas-cut surfaces. The curve marked “flame 
softening by annealing” and “secondary tem- 
pering for alloy steels” approximates the time- 
temperature conditions for a treatment of this 
character. An instrument set-up suitable for 
this double treatment, applied to the edge of a 


thick plate, is shown at the bottom of the opp»- 
site page. 

Heating the top side of the plate has becn 
successful for plates up to and including 1%» in, 
thick where it is desired to meet the require- 
ments for bending laid down by standard 
specifications. For a lower degree of softening 
this thickness range may be extended to 2 in, or 
even to 3 in. The cost is mainly a matter of 
increased gas consumption, inasmuch as the 
operation is carried out simultaneously with 
cutting and therefore little extra labor is 
involved. Volume of oxygen and acetylene for 
softening *,-in to 144-in. thick steel by simul- 
taneous treatment may be estimated at 2 cu.ft. 
of each gas per linear foot of cut for each side 
of the kerf softened. 

In thicker plates or shapes, up to 4 in. say, 
it may be possible to arrange fixtures so the 
steel can be heated simultaneously from top and 
bottom. However, due to mechanical difficul- 
ties in under-reaching a plate, this type of treat- 
ment is more or less confined to edge cutting of 
plates. 

Arrangements for heating the kerf itself, 
either singly or doubly as on page 145, come 
into play for heavy slabs. Preferably the cut 
surfaces should be reheated before they cool to 
room temperature, particularly sensitive grades, 
in order to prevent microscopic surface check- 
ing or visible cracking. Equivalent surface 
areas can be softened with approximately one 
third to one half less gas than when only the 
top surface is post heated. However, the treat- 
ment is non-simultaneous with cutting and the 
costs involve both gas and labor. The operation 
is usually conducted at a faster rate of speed 
and therefore the total cost by this method may 
be only slightly greater. 


point 
Flame Softening by Annealing 
| | 
Critical Secondary Tempering for Allay Stee/s 
% point t 
Q 
| | 
Flame Softening by 
Pisin | Tempering 
Flame Cutting | 
Norma/ | | | 


lime —————+ 


Diagram of Time-Temperature Relations Imposed on 
Flame Cut Surfaces, Post Heated in Various Ways 
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Measurement of Results 


rhe degree of softening produced by flame 
softening processes in the grades of steel listed 
the table on page 112 is shown in the last 


’ 


vo columns. Hardness has been prevented or 
-ept within reasonable limits. For the struc- 
tural grades in both the quench hardening and 
ir hardening groups, the residual ductility in 
the cut surfaces, after softening, is of the same 
order as that of the parent metal, having with- 
stood either the standard cold bend test or the 
hammer bend test without cracking. In some 
cases the residual hardness is slightly lower 
than that of the rolled material. 

In the plain high carbon steels and the 
silico-manganese nickel-chromium alloy 
steels, which were treated non-simultaneously, 
the hardness of the cut surfaces has been 
reduced nearly 50‘ by a single high speed tem- 
pering pass, or to such degree as to be readily 
machinable and to overcome the possibility of 
cracking during cooling. Modification of this 
simple treatment should lower the hardness 
still further. 

Macroscopic and microscopic tests of the 
heat affected zones of plain and flame softened 
cuts were made by Union Carbide and Carbon 
Research Laboratories, in the nickel, silicon 
and manganese structural steels to ascertain the 
depths of these zones and their structural con- 
stituents. 

The depth of the zones heated to tempera- 
tures which were high enough to alter the inter- 
nal structures of the steel and thus change their 
physical properties was found to approximate 
0.04 to 0.08 in. in 1-in. thick steel, the narrow 
depth applying to structural silicon steel, an 
intermediate depth to structural manganese 
steel and the maximum depth to structural 
nickel steel. These depths are not materially 
altered in the heavier gages. 

The hardness in these affected zones gradu- 
ates to the normal hardness of the unaffected 
parent metal and therefore the depth of injuri- 
ous hardening was somewhat less than that 
reported above. Plain flame cutting in these 
Jrades carburizes the surface of the cut to a 

epth of 0.002 to 0.003 in., and the cooling that 
lows cutting is rapid enough to affect the 
ructure in a surface zone approximately 0.015 
wide in which the hardness and the structure 
radually vary from the very hard conditions 
‘erein the structural constituent is martensite, 


the original structure consisting of pearlite 
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and ferrite produced in the normal cooling 
from rolling temperatures. 

The size of the structural units in the hard- 
ened zones was much smaller than in the par- 
ent metal. In other words, flame cutting refined 
the grain. 

Flame softening tempers the martensite 
and eliminates the structure representing the 
brittle condition. As the flame softening treat- 
ment is carried on below the critical point of 
the steel, neither the microstructure nor the 
physical properties of the underlying steel hav- 
ing normal ferrite and pearlite structure are 
affected. 

It was therefore the laboratory's conclusion 
that the steel in the heat affected zone which 
was flame softened by post heating is given a 
desirable combination of hardness and duc- 
tilitv, tempered to a practically ideal condition. 


Drift Tests 


At the recommendation of C. F. Goodrich, 
chief engineer of American Bridge Co., flame 
softened edges in a representative group of high 
tensile structural steels were subjected to drift 
testing, inasmuch certain specifications 


Instrumental Set-Up for Giving Duplex Heat Treatment to Cut Edge of 
Heavy Slab After Cut Is Finished and Scrap Removed, Leading pair of 
flame blocks reheat surface above critical, and trailing block then reheats 
jand tempers the annealed surface (considerably cooled in the interval) 


in eee 
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require this. In substance, the test requires 


that punched or drilled holes spaced approxi- 
mately two diameters from a planed edge shall 
stand drifting until the diameter is enlarged 
5‘. without cracking metal. 

Accordingly, a piece of *,-in. plate, 16 in. 
square, was prepared of structural manganese 
steel, structural silicon steel structural 
nickel steel. In each piece edge No. 1 was 
sheared, edge No. 2 was sheared and planed 
', in., edge No. 3 was plain flame cut and edge 
No. 4 was flame cut and flame softened simul- 
taneously. 

Three holes were drilled the 
quarter points along each side and 2 in. back 
from the edge. Drift pins having diameters 
progressively increasing by !, in. were then 
forced through the drilled holes with a steam 
hammer, Results are shown in the halftone 
below. The arrows point to cracks. The 
planed edges and the flame softened edges with- 
stood drifting to 1,%, in., or approximately 100% 
enlargement without cracking, at which point 
the test was stopped. Other types of surfaces 
were definitely less ductile, although the worst 


Utimate strength 72,000 88,100 | 85,700 


Elongation in 78 in. 3.8% 15.6% | 17.1% 
Manganese 
Neld point 52,600 58,300 | 52506 
Utimate strength 69,400 92,200 92, 80L 
flongation in 18 in. 1.5% 16.2% | 18.0% 


Flame Cut | 
Flame Cut and Sofle ned Machineo 
Micke/ stee/s Yield point 69,900 | 68/700 68, 200 
Utimate strength 87,800 99.000 | 100,70 
flongation in 18 in. 1.7% 13.0% | 14.7% 
Silicon, steel-Nield point! 45,000 | 52300 | 45,40L 


flame softened edges are seen to be in good 
agreement with those having planed edges, in 
contrast to the flame cut bars which failed at 
reduced loads and ductility. 

Elongation and reduction of area of the 
flame softened bars are of the same order as 
that of the planed bars, while the plain flame 
cut bar has an abrupt fracture with negligible 
reduction of area. 

From a consideration of the test results 
investigating the hardness, ductility by slow 
bend or hammer (anvil) bend, microstructure, 
drifting and tension on large-sized bars, it is 


Drilled Holes Were Drifted 100% Without Edge Cracks on Either Flame Softened 
Cuts (4) or Planed Edges (2) in High Tensile, Low Alloy Structural Steel Plates 


of them managed to withstand up to 40% 
enlargement, 

At Mr. Goodrich’s further suggestion, large- 
sized tension test bars were cut from 7. in. 
plate. Dimensions between gage marks were 
‘s in. thick (the original plate), 344 in. wide, 
and 18 in. long. Five heats of the above-men- 
tioned steels were used ranging in carbon con- 
tent from 0.29 to 0.388. Average results for the 
three methods of preparation are as shown in 
the table at the top of the page. 


The physical properties of the bars having 


demonstrated beyond question that the flame 
softened edges have properties comparable to 
those produced by the most approved machin- 
ing methods. For this reason flame softened 
cuts may be used successfully in the fabrication 
of high strength structural steels into tower 
members for suspension bridges, arch mem 
bers for long spans, railroad vehicles and man) 
tvpes of heavy machinery. The method is also 
very useful in foundries for all clean-up cu's 
on alloy steel castings, and in steel mills ha 
dling high carbon and alloy steels, 
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Physical Constants of Pure Aluminum 
By C. S. Taylor, L. A. Willey, Dana W. Smith and Junius D. Edwards 


Aluminum Research Laboratories, New Kensington, Pa 


\ll measurements made on electrolytically refined aluminum of the following purity: 


Iron... 0.0001 
Copper. 0.0010 
Sodium......... 0.0003 
Magnesium. 0.0003 
Aluminum, by difference. .99.9960 


Mechanical Tests: [14-gage sheet, medium grain size] 
CoLtp ROLLED 
75% Repucrion ANNEALED 


Tensile strength, psi. . .. 16,300 6870 
Yield stre »ngth, psi. 15,430 1770 
Brine! ll hardness numbe 27 17 


(12.61 kg. on 1/16 in. ball.) 
Density: 2.6989 at 20° ¢ 
Melting Point: 660.24° C. 
Lattice Parameter: |face-centered cubic] 4.0413 + 0.0001 A at 25° C. 


Thermal Expansivity: [20° to 500° C.| 
Le = Lo [1 + (23.22t + 0.00467t2 + 0.0000078t3) 10-6] 


TEMPERATURE RANGE AVERAGE LINEAR COEFFICIENTS 
20° to 100° C. 23.86 x 10° 
20 to 200 24.58 
20 to 300 25.45 
20 to 400 26.49 
20 to 500 27.68 


Electrical Properties: 


Volume resistivity in microhm-centimeters at 20° C. . 2.6548 

Volume per cent conductivity... .... 64.94% 
(International annealed copper standard | = 100% o} 

Mass resistivity in ohms (meter, gram) 20° C......... 0.07165 

Mass per cent conductivity... ............ 213.92% 
(International annealed copper standard = 100%) 

20° C. constant mass temperature coefficient of resistance 0.00429 


Radiation Characteristics: 
Total reflectivity, light from tungsten filament 
(electrolytically brightened sheet] TT WY 


Emissivity at 100° F............... 4.5% 
[based on value of for commercial foil} 


4 
4 
| 
| 
5 
z 
‘ : ih 
| 
4 
4 
7 
A 


scores 
~ of special 
applications 


HIGH MAGNETIC QUALITIES. «e« The magnet pictured 


1% here is small, but extraordinarily powerful—capable of lifting 60 
. times its own weight. This particular type, made of a new alloy rich in 
Nickel, is used for damping magnets in the polyphase meters of the 
Dunean Electric Co., Lafayette, Ind. Not only do these alloys of high 
Nickel content effect substantial savings in weight (in this case 80% ) 
but they also have a higher permanency factor than other commer- 
cially available magnetic materials and are practically immune to 
the effects of magnetic disturbances caused by short circuits and 
lightning. Manufacturers who employ magnetic materials in their 
products will find these new alloys of Nickel profitable to investigate. 


HIGH AND LOW 
EXPANSION 
PROPERTIES... 


One of the most valuable metallurgical developments in recent years 
has been the production of thermostatic metals for operating auto- 
matic control devices. Pictured here is one employing a bi-metallic 
dise made of two alloys of Nickel, one having a high degree of ex- 
pansion and the other low expansion properties. It guards the West- 
inghouse refrigerator motor, disconnecting it when it gets too hot 
and reconnecting it when it cools off. Principle upon which these 
thermostatic metals operate is based on a differential in the expan- 
sion properties of the two constituent metals. Changes in tempera- 
ture cause them to deflect and this in turn acts on the control device. 
Alloys of Nickel can be produced for applications requiring ex- 


tremely low expansions as well as for service where specific expan- 


sion characteristics may or may not be low. 


IMPROVED PERMEABILITY. . . When you make 


your long distance telephone call or send a cable, a highly 
magnetic Nickel-Iron alloy of improved permeability contain- 
ing up to 80° Nickel helps to deliver your message. Impulses 
sent over long circuits have a tendency to drag their “tails” 
behind them, upon which succeeding impulses tread. But 
pi through the use of loading coils made of a high Nickel alloy, 
: and spaced at regular intervals along the circuit, transmission 
is speeded up and your words made intelligible. The high 
magnetic permeability of these alloys is also depended upon to 
increase the efficiency of submarine cables and various parts 
of radio, telephonic and telegraphic installations. We invite 
consultation on the use of the Nickel alloys in your equipment. 


THE INTERNATIONAL NICKEL COMPANY, INC., NEW YORK, N.Y. 
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Two Contrasting 
Views About Troostite 


UFFALO, N. Y.—I have 

read over Doctor Sauveur’s 
comments on the proper nam- 
ing of the two types of carbide 
precipitates (“The Lameilar 
Family,” ProGress, May 
1938) and would like to offer 
the following comments on the 
points at issue: 

I would first like to say 
that I have a deep respect for 
Doctor Sauveur, his work and 
his opinions; I feel, however, 
that in this instance his remarks 
are augmented by a desire to 
retain the names of troostite 
and sorbite. I cannot say that I blame him for 
this for I likewise would like to retain in our 
metallographic nomenclature the names of 
those two distinguished savants Troost and 
Sorby. I believe, however, that trocstite and 
sorbite as defined 25 years ago, are but stages 
or indications of the development of a stable 
precipitant and therefore, using Doctor Sau- 
veur’s words, “remind one of the little bear, 
the middle bear, and the big bear.” 

While I am aware of the fact that pearlite 
may be present in varying degrees of fineness in 
steel specimens, I feel that the fact that it is 
lamellar is the important factor to consider. 
Metallographically the fact that when iron car- 
bide precipitates direct from austenite, it differs 
in shape from the form appearing when it is 
precipitated from martensite, is of vital impor- 
tance and suitable names should be adopted to 
distinguish one from the other. 

I personally am in favor of the adoption of 
two basic names for iron carbide precipitates, 
one for the product of the direct transformation 
from austenite which is plate-like and one for 
the transformation of martensite which is 
granular, 

The continued use of the term “troostite” to 
identify the austenite > iron carbide + ferrite 
transformation and the use of the term “sorbite” 
'o identify the martensite — iron carbide + fer- 
rite phenomenon would in my opinion be a 
proper solution of this problem. 

B. L. McCarry 


Chief Metallurgist 
Wickwire Spencer Steel Co. 


ERKELEY, Calif.— The question of the 

proper nomenclature for the microconstitu- 
ents of steels has recently stimulated some very 
pertinent discussions. We agree with Professor 
Sauveur that in some respects the present incon- 
sistent usage of nomenclature is unfortunate. 
On the other hand it demonstrates two vital 
points: In the first place, some metallurgists 
consider the definitions set forth by the Inter- 
national Committee on Nomenclature in 1912 
to be inadequate and even misleading in view 
of the advances in technique and science during 
the intervening years. Secondly, metallurgy is 
not an antiquated science; it is vital and pro- 
gressive and ready to abandon a good definition 
for a better and more useful one. 

We, therefore, look with favor on the pres- 
ent turbulence in anticipation that it will 
eventually lead to the universal acceptance of a 
set of definitions more properly attuned to our 
present knowledge. In another 25 years or, if 
progress is more rapid in the future than it has 
been in the past, in a shorter period of time, we 
shall be very pleased to find that we have again 
advanced sufliciently to make our new defini- 
tions inadequate. Although unfortunate, the 
present condition is one to which American 
metallurgists may point with pride as indicative 
of the advances that have been made. 

Professor Sauveur apparently favors the 
immediate action of a tribunal to quell the 
rebellion. On the other hand, Doctor Gillett, 
writing in the last issue of Velals and Alloys, 
prefers to “let nature take its course” before a 
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world court is allowed to offer its dogmatic 
definitions. The latter appears to be the least 
violent method of attack and we support it. 

Nature is taking its course in many of the 
laboratories of this country. As an instance, in 
the Mechanical Engineering Department of the 
University of California we were recently con- 
fronted with the problem of arriving at a 
definite decision as to our definitions of the 
microconstituents of steels. Noting the incon- 
sistencies in the literature and taking into 
consideration the pedagogy of our problem, we 
were forced to rely on our own ability to define 
the microconstituents. We found it necessary, 
however, to establish certain rules for selecting 
appropriate definitions: 

1. The names should be simple. 

2. The definitions should relate to what is 
seen with the microscope at a proper magnifica- 
tion and resolving power for the particular study 
in question, independent of what the composition, 
heat treatment, mechanical properties, phase dia- 
gram, or stability of the structure may be. If the 
above is inadequate, the X-ray structure should be 
given. 

3. The definitions should be broad enough to 
be useful and precise enough to be unambiguous. 

4. The definitions should be consistent with 
the recent advances in technique and in science. 

5. They should not deviate greatly from those 
used in the best current literature. 

Bearing these principles 
in mind, the definitions shown 


legitimate adjective qualifying the term pearl. 
ite, with the meaning just stated. 

The remaining microconstituents form 4 
continuous series of patterns in the order listed 
with no definite line of demarcation. The light 
etching acicular needles, as commonly found in 
hardened steels, are called martensite. Alpha 
martensite may be distinguished from beta 
martensite by the X-ray structure. In troostite 
the needles etch darkly due to the precipitation 
of the carbide. Furthermore the body-centered 
cubic lattice is not supersaturated with respect 
to carbon. In sorbite the acicular structure js 
not present and a fine granular dispersion of 
carbide exists. 

The term spheroidized, in our opinion, may 
apply to a steel of any composition and heat 
treatment that has a globular dispersion of car- 
bide, independent of whether the previous 
structure was pearlitic, martensitic, troostitic, 
or sorbitic. 

We believe the above definitions have cer- 
tain virtues and fulfill our five qualifications 
fairly well. In many respects they are com- 
parable to the definitions of the joint committee 
of A.S.T.M., S.A.E. and A.S.M. (@ Metals Hand- 
book, 1936 Edition, page 210). 

J. E. Dorn 
Assistant Professor of Mechanical Engineering 
University of California 


Constituents of Steels 


in the attached tabulation 
were tentatively established for - 
the purpose of a rapid and Ferrite 
accurate interchange of ideas 
between instructors stu- Austenite 
dents. These definitions of fer- 
rite, austenite, cementite, and 
carbide doubtless should 
require no discussion. Cementite 

Pearlite, according to Rule 
2, does not refer to a given 
composition, or to a particular 
heat treatment, or to any fea- 
ture of the phase diagram. 
Any stratified mixture of fer- 
rite and carbide, whether it be 
in plate-like lamellar form or 
a rosette-like stratification, is 


Carbide 


Pearlite 


pearlite. This definition, we 
believe, fulfills Rule 3 by being 
sufficiently broad to be useful 
and sufliciently precise to be 


unambiguous. We have no 
objections, therefore, to any 
Sorbite 
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MICROCONSTITUENT 


Alpha martensite 


Beta martensite 


Spheroidized cement- Ferrite and cementite|Globular dispersion of co# 
ite (carbide) 


X-RAY STRUCTURE Microscopic STRUCTU! 
Iron or an alloy of iron|Polyhedral grains 
forming a body-cen- 
tered cubic lattice 
Solid solution of car-| 
bon in the face-cen-| 
tered cubic lattice of | 
iron or an alloy of| 
iron 
Iron carbide, FeC,;Dark etching with 
orthorhombic lattice} Exhibits numerous ! 
dependent upon genesis 
Complicated lattices of Dark etching with Pp! 
any metallic carbide | Exhibits numerous ! 
including cementite dependent upon genesis 
Ferrite and carbide ‘Stratified mixture of dark 


Polyhedral grains 


ing carbide and light etc! 


| ferrite 
Solid solution of car-|Light etching acicular nee¢ 
bon in a body-cen- 
tered tetragonal 
lattice of iron or an) 
alloy of iron 
Solid solution of car- 
bon in a body-cen-| 
tered cubic lattice of| 
iron or an alloy of| 
iron 
Ferrite and carbide Dark etching acicular nee“ 
Ferrite and carbide Dark etching fine granular 
persion of carbide i» fe 


Light etching acicular need 


| 
| 


| (carbide) | carbide in a matrix of 
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Conductivity of Aluminum 
us. Italy — Numerous meetings have been 

held by Committee VII (on Aluminum) of 
the International Electrotechnical Commission 
during the last decade, and it has tentatively 
been decided that in international specifications 
the conductivity of aluminum wire will no 
longer be expressed in percentages of the con- 
ductivity of standard copper, but by its specific 
resistance, that is, the resistivity of a wire, 1 
sq.mm. in cross section, 1 m. long, at 20° C. 

Final decision should be reserved until 
proper consideration can be given to a very 
practical suggestion by Mr. Giovine — namely 
that an alternative method be authorized which 
gives an intuitive idea of the conductive proper- 
ties of commercial aluminum. It is obvious that 
such a result would be obtained by following 
the lead of the copper industry, namely, express- 
ing the conductivity in the specification as a 
percentage of the conductivity of a “technical 
standard,” having optimum properties. The 
figure then would immediately give a clear 
idea of the quality of a conductor wire or cable. 

Unfortunately in the practical application 
of this obvious and simple principle, serious 
difficulties are met in the determination of an 
“international aluminum sample.” To avoid 
such difficulties (connected with the origin and 
the quality of standard aluminum, the processes 
of hot and cold working, the limits of precision 
in dimensions) Mr. 
“the electrical conductivity of aluminum be 
expressed as a percentage of the conductivity 
of an international conventional sample of tech- 
nical aluminum.” 

This conventional sample should be defined 
“A reheated aluminum wire, 1 m. 
long, with a uniform section of 1 sq.mm., and 
having an electrical resistance of 1/36 of one 
ohm at the temperature of 20° C. 

The choice of the fraction 1/36 is suggested 
for two reasons: First, because its form is 
similar to that already adopted for copper (1/58 
of one ohm), and second, because the value 1/36 
of one ohm corresponds exactly to the lowest 
resistivity of a reheated wire (0.02777 
ohm made with “commercial alu- 
minum for electrical conductors,” as usually 
produced in different countries. 

The adoption of such a conventional sample 
as also the great advantage of eliminating the 
necessity of a definition of what has been called 
‘the normal resistivity,” and thus greatly simpli- 


Giovine suggests that 


as follows: 


fying the international specifications established 
by the Congress of November, 1937. 
Feperico 
President, Societa Alluminis Veneto 


A Note on Dynamic Equilibrium 
RIBRAM, Czechoslovakia 


which is the basis of equilibrium diagrams 


The phase rule, 


used in metallurgy, assumes that the system is 
influenced by pressure and temperature. Metal- 
lurgists commonly assume that pressure has 
small influence; consequently alloy diagrams 
are drawn with temperature as the prime vari- 
Equilibrium is also assumed, although 
Practi- 


able. 
true equilibrium cannot be attained. 
cally, therefore, {ime is an additional variable 
to be regarded. 

It is well understood, for instance, that in 
the normal cooling of a binary alloy like steel, 
there is not time enough for the diffusion of 
carbon from the carbon-rich melt into the car- 
bon-poor austenite first freezing out. The result 
is that the actual solidus line (line JE on the 
iron, iron carbide diagram in ProGress, 
October 1937, page 342) is lower and to the left. 
The same is true of the transformation of aus- 
tenite into alpha iron and iron carbide; the 
pearlite has a lower amount of iron carbide as 
the cooling has been the quicker. 

However, it is not so well remembered that 
the opposite considerations operate on reheat- 
ing. Pearlite cannot be changed into austenite 
instantly when A, is reached; furthermore it 
requires time or a higher temperature for the 
grains of ferrite to transform and to absorb 
cementite. If no diffusion of carbon occurs, the 
alpha iron could be changed into gamma iron 
for pure iron (point G on the 
If heating 


only at the A 
equilibrium diagram, or 1670° F.). 
is quick and diffusion sluggish, the actual A, 
can be higher than the theoretical A, corre- 
sponding to the carbon content of the steel. 
The two alpha irons — the grains of excess iron 
and the plates in the pearlite 
gamma iron, the change in the pearlite actually 


must change to 


being quicker because the plates enrich them- 
selves in carbon by diffusion from the cementite 
close at hand. This lag on heating is, of course, 
the greater with coarse microstructure, with 
spheroidized cementite, or with stable and 
complex carbides containing, say, chromium 
and tungsten. 

ALEXANDER MITINSKY 

Professor 
Pribram College of Mines 
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Interdendritic Pipe 
in Steel Castings 


ARIS, France — With the rapid develop- 

ments in alloy steel castings, attention is 
being centered on the securing of good mechani- 
cal characteristics in the cast (not forged) con- 
dition. This will undoubtedly increase the uses 
of steel castings. 

The strength of castings, however, often 
depends far less upon the specific properties of 
the metal of given analysis as exhibited in 
forged test pieces than upon the compactness of 
the metal in the cast state — that is, the absence 
of porosity or defects in continuity, often micro- 
scopic in nature. These defects are, in most 


4 


they occur at the intersection of convergent de: 
dritic directions. Micrography, however, is n 
the best method of studying them, since the 
micrographic section, being made at random, 
does not necessarily pass through these smal! 
defects, and if it does, the cavities may often be 
filled in or concealed by the polishing operation. 
The fracture test, particularly at blue heat, is 
preferable to uncover them and, as shown in 
the macrograph at 8 diameters, will also indi- 
cate the relationship between the position and 
shape of these cavities and the dendrites. 
Interdendritic pipes are formed either/(a) 
during the second stage of solidification (see 
MetaL ProGress, March 1934, p. 44) by the 
retreating flow of liquid through the entangled 


Three Views of an Interdendritic Pipe in a Steel Casting. Left and center not 
etched, « 300, direct and oblique illumination respectively. Right etched, x 150 


cases, the origin of fracture in metal parts in 
service as well as in test pieces used for control. 
Consequently the first condition that must 
be fulfilled by cast steel, in order to give satis- 
factory mechanical results under test, is to 
eliminate interdendritic pipe, also called “micro- 
pipe” by G. Charpy Who, in 1920, was among the 
first to note its presence in steel ingots. 
Micro-pipes are tiny cavities with dimen- 
sions often on the order of a fraction of a milli- 
meter, with irregular and ragged outlines (a 
feature distinguishing them from microscopic 
blowholes), and with non-oxidized walls. Etch- 
ing, especially with copper reagents, shows that 


dendrites, locating them near the major pipe, 
or (b) during the third stage of solidification, 
by the contraction on freezing of the last portion 
of the liquid enclosed by surrounding partitions. 

Thus, no micro-pipe is to be found in the 
oriented peripheral zone of castings and ingots 
in which basaltic crystallization progresses un! 
formly inward without encircling any remaining 
liquid. The defect is found, however, in the 
non-oriented central zone of crystals, where 
dendrites growing in various directions mee'. 

In principle, the presence of micro-pipes 
can be revealed by the determination of den- 
sity (an index of compactness of metal) as ‘5 
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Dendritic Aspect of Fractured Test Piece, 
Taken From a_ Steel Casting Containing 
Numerous Micro-Pipes. Magnified 8 diameters 


done to determine porosity in welds, 
but precise measurement is necessary 
and the method is not very sensitive. 
The preferred method is the determi- 
nation of tensile characteristics, for 
these small, sharp-angled cavities act 
as so many notches provoking crack- 
ing and breaking during plastic flow. 
The presence of micro-pipes, there- 
fore, even invisible ones, considerably 
decreases the elongation and reduc- 
tion of area of the tensile test pieces. 
This is clearly shown by the results 
at the bottom of the page. 

These results show that by forg- 
ing at a sufficiently high temperature 
and under sufficient pressure the 
walls of these small cavities are 
welded together with considerable 
improvement in properties. Sufficient 
working is necessary, however, for in the proc- 
ess of deformation the cavities may be open 
before being flattened out and closed. 

A bend test also shows the effect of inter- 
dendritic pipe in the stretched regions. Tough- 
ness, determined by the notched bar impact test, 
is also affected by these tiny defects, although 
it is less sensitive to them, especially when they 
are few in number, since the notch in the test 
piece determines the path of fracture and this 
path may contain no pipe, whereas in the tensile 
test a comparatively large volume of metal 
“voluntarily” fractures on a path of rupture 
traced by these defects. 

To avoid micro-pipe in castings, the 
foundry operations must be carefully controlled, 
such as feeding of the molds, chills, casting tem- 
perature, choice of metal, and even size and 
shape of the cast part if necessary. Cast test 
pieces from which tensile specimens are to be 


taken should be especially well designed as to 


shape, dimensions and cooling rate. 

To obtain the desired mechanical charac- 
teristics in alloy steel castings, two other 
requirements are necessary in addition to the 
indispensable foundry requirement of compact- 
ness or absence of micro-pipe. They are: (a) 
Choice of a steel having hardenability adapted 
to the thickness of the part (a metallographic 
factor); and (b) sound metal to avoid inter- 
granular fracture or slipping, sometimes requir- 
ing a preliminary homogenizing treatment. 

If these requirements are met, it is possible 
to obtain for every type of alloy steel casting, 
after hardening and tempering at the proper 
temperature, a merit index (tensile strength in 
thousands psi. plus 3.5 times the elongation) of 
170 or higher. Apert M. Portevin 

Professor 
Ecole Centrale des Arts et Manufactures 


Tests From 8.7-In. Ingots, as Cast and as Forged 10% (G. Charpy) 


TENSILE 
STRENGTH 


LocATION or Test PIECE 


Along axis of the ingot 

2.3 in. from the axis 

3.5 in. from the axis and 0.8 in. 
from the surface 


43,500 psi. 
97,500 psi. 


100,000 psi. 


As Cast (RepuctTion or 10% 
ELONGA- KEDUCTION TENSILE ELONGA- REDUCTION 
TION oF AREA STRENGTH TION or AREA 
0% 1.5% 96,000 psi. 8% 11.4% 
8 12.7% 101,000 psi. 16% 20.6% 
18% 26.9% 99,000 psi. 20° 28.2% 


- 


AFTER ForGING AND Hor Work 
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Personals 


Benjamin A. Weed @ has been 
transferred from the Atha mill of 
the Crucible Steel Co. of America 
to the New Haven branch. 


Orin B. Jacobson @ has left the 
Carnegie-Illinois Steel Co. and is 
now employed as technical 
adviser by the Revere Copper and 
Brass Co., Chicago. 


Appointed head of the depart- 
ment of metallurgical engineer- 
ing, Case School of Applied 
Science: Kenneth H. Donaldson 
@. taking over the duties of 
Herbert M. Boylston ©, granted 
leave of absence due to ill health. 


Appointed technical engineer 
by Steel Founders’ Society of 
America: C. W. Briggs ©, for- 
merly physical metallurgist in 
the Naval Research Laboratory, 
Washington. 


INSURE BETTER WORKMANSHIP 


Phone or write today for Free Working 
Sample and 24 page booklet describing this 
highly recommended modern grinding lubricant. 


D. A. STUART OIL CO. Ltd. 


CHICAGO, U. S. A. 


EST. 1865 


Please address request for free sample and booklet to our 
general offices at 2727 SOUTH TROY STREET, CHICAGO 
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Harold L. Walker ©, assistant 
professor of metallurgy, Schoo! 
of Mines and Geology, State Col- 
lege of Washington, Pullman, 
Wash., has accepted an appoint- 
ment as assistant professor of 
metallurgical engineering at the 
University of Illinois. 


John C. Bancroft ©, formerly 
employed at Cuyahoga Works, 
American Steel & Wire Co., is 
now employed in the metallurgi- 
cal department of the Perfect 
Circle Co., New Castle, Ind. 


E. J. P. Fisher @ has been made 
assistant manager, tube mill and 
cold drawing division, Aetna- 
Standard Engineering Co. 
Youngstown, Ohio. 


W. E. Ruder ©, metallurgical 
engineer for the General Electric 
Co., is to be on the directorate of 
the new merger to be known as 
the Allegheny Ludlum Steel Corp. 


John R. Freeman, Jr. @ has 
been appointed technical manager 
of the American Brass Co. 


Willis T. Cramer ©, formerly 
works metallurgist at Cuyahoga 
Works, American Steel & Wire 
Co., has become assistant district 
metallurgist. Herbert H. Schneider 
@ has been promoted to works 
metallurgist. 


Appointed metallurgist of the 
Los Angeles plant, Bethlehem 
Steel Co.: Benjamin H. Brown ©, 
succeeding G. C. Stetter ©, 
appointed metallurgical engineer 
in charge of eastern products. 


Charles Lee Clayton @ is taking 
a training course with Columbia 
Steel Co., Pittsburg, Calif. 


Transferred from Ft. Wayne 
Works, International Harvester 
Co. to new motor plant in Indian- 
apolis: Prescott B. Jensen @, as 
chief metallurgist. 


Perry D. Gasnier @ is now 
doing sales engineering work 
with Cincinnati Milling Machine 
and Cincinnati Grinders, Inc. 


4 
| 
SS 
RW 
: 
| MADE POSSIBLE BY 
. 
RS 
4 
| 
Warehouses in Principal 
ses /ndustrial Centers : 
¥ 
4 


LUCKY NUMBER FOR 
THESE SELF DUMPING MINE CARS. 


An easy change to now 
% ton mine cars make every thirteenth tri 
= that thirteenth trip is: 
Free of dead weight 
Free of haulage 
ree of bearing 
Free of track wear 


Free of roadbed maintenance 
Free of hoisting load — 


‘That's a 


icon orks of Denver, 


- build these rugge units 
Yoloy. 


seductions tm 


The use of Yoloy High at hig 
plished marked red 


strength in many similar 
in the field -- 


trucks, railway cars, trailer 


_ mine cars, etc. 


In addition to weight ; 
further advantages that are 


has a high corrosive: ‘ 
ideal high te “Tavestigate Yoloy now, 
and start these savings today! 


THE YOUNGSTOWN, SHEET 


TUBE COMPANY 
Carbon Steels 


344 


General Offices - YOUNGSTOWN, OHIO 
; 
High Tensile Steel Yoloy is available in sheets, strips, 
+ seamless pipe and electric weld pipe. 


INSURE STANDARDIZED PRODUCTION 


B & L MICRO-TESSARS 


Simplify PROBLEMS 
IN LOW POWER PHOTOMICROGRAPHY 


The use of B & L Micro-Tessars simplifies the pro- 
cedure in low power photomicrography. Their large 
flat field and keen definition makes it possible to 
handle material beyond the scope of any combination 
of regular microscope objectives and eyepieces. 
There is an advantage in covering power and often 
in working distance. 


A more complex construction than that used in ordi- 
nary low power microscope objectives makes possible 
the greater reduction in marginal aberrations. 


B & L Micro-Tessars are available in four focal lengths 
—72 mm., 48 mm., 32 mm., and 16 mm. Magnifica- 
tions up to 50 diameters are possible with a long bel- 
lows draw camera similar to the Model H (illustrated). 


For complete information on B & L Micro-Tessars and 
Photomicrographic Cameras, write Bausch & Lomb 
Optical Co., 638 St. Paul Street, Rochester, N. Y. 


BAUSCH_& LOMB 


». WE MAKE OUR OWN GLASS TO FOR YOUR GLASSES INSIST ON Bal 


ORTHOGON LENSES AND B 41. FRAMES 


Stainless Steels 


(Continued from p. 139) and several beads of 
deposited metal required, the metal adjacent to 
the weld proper will be subjected to heating 


within the zone of dangerous temperatures for 


a longer time than would be the case in rela- 
tively thin plates or sheets. To illustrate this 
two views are shown on page 139. We see 
in them that an alloy of 25° chromium, 20% 
nickel, in the form of a 14-in. plate, remained 
practically unaffected after welding and testing 
for corrosion, and is well suited for service 
under corrosive conditions that would not affect 
the base metal away from the welding zone. 
However, the same alloy in the form of 7,-in. 
plate has been slightly attacked upon corrosion 
testing in the areas adjacent to the weld. 

To sum up, the following recommendations 

are offered: 
A. No welding is employed 

1. If the installations are intended for serv- 
ice within the temperature zone of 800 to 
1500° F., or if in the course of service the 
installation may be slowly cooled through 
this range, material with either titanium 
or columbium should be used. 

2. If the installations are intended for servy- 
ice at room temperature or below 800° F., 
either straight chromium-nickel or modi- 
fied alloys should be considered. 

B. Welding is employed 

1. If the thickness of the welded metal does 
not exceed approximately 1% in., no cross 
welding is done, and the assembly is to 
be used at temperatures up to 800° F., 
either straight chromium-nickel alloy or 
the alloy with titanium can be used. The 
choice of the metal is governed by the 
circumstances peculiar to the installation 
under consideration. 

2. The use of chromium-nickel austenitic 
alloy with columbium is recommended 
when (a) heavy cross sections, greater 
than % in. thick, are used in the con- 
struction, (b) multiple or cross welding 
is to be done, (c) the installation is to be 
operated within the temperature zone of 
carbide precipitation in the presence o! 
corrosive media, (d) when stress relie! 
of heavy cross sections after fabrication 
is necessary, yet the possibility of rapi« 
cooling is precluded. 
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Here, too, BRISTOL'S PYROMASTER 7s 


~ CONTROLLING FURNACE TEMPERATURES ACCURATELY 
although shop vibrations are TERRIFIC 


AND FURNACE INC. adjustment of any kind”’ 


ASS. 
6 ASHLAND STREET. EVERETT. M 


eucesssors TO 
. MEAT TREATING 
DROP FORG! 


MACHINING 


fae ‘fas accurate as the day it was installed” 


May 24, 1938 


Conditions such as those in the 


The Bristol 
250 stuart Stchusetts Porter plant are unusually severe. 
Bree However, since Bristol’s Pyromas- 
-atlemen: opers 
to this dety tru- ter has repeatedly demonstrated it 
A Cont rggeer r Drew 


one of your PyTeonjunction to 1250° F- is absolutely accurate and depend- 


ments eemperature rey 


murnace With » guring able in such severe service, you have 


funetionin 
and for severe) | ample assurance it will be equally 


reliable under any other conditions. 


mid not seen For recording and automatically 
These TectS, sitions, board drop controlling temperatures in fur- 
mar and as the gerplacoment does certaialy processes. Write for Bulletin 507H 
te liing ™ ontribu 
the concere re contro rs also © 
4 eratu her hamme ster" is 
that any temper ot the “"Pyro=® hirty- 
fic abuse. which and thit 
and Vibration twenty-five THE BRISTOL COMPANY 
hey WATERBURY CONNECTICUT 
| = feet awey- not only ave — Branch Offices: Akron, Birmingham, Boston, 
| information, be hesitant 
we volunteer at you may ation in Chicago, Detroit, Los Angeles, New York, 
: atis caction, but wpyrome ster" ins ‘the apparatus Philadelphia, Pittsburgh, St. Louis, San Francisco, 
or piaciné ther place where ondit Seattle. Canada: The Bristol Company of Canada, 
reco tion or in any and abusive Limited, Toronto, Ontario. England: Bristol's 
like situa ed to trying 
might be sub ject truly, Instrument Company, Limited, London, N.W. 10 


Yours very 


BRISTOLS 


ASK US ABOUT 
% THESE BRISTOL’S PYROMETERS, TOO 


WIDE STRIP POTENTIOMETER. Record is made on 
12% inch wide strip chart. Catalog 1451H. INDICAT. 
ING PYROMETER CONTROLLER. Compact, sturdy shop 
instrument. Bulletin 488H. MILLIVOLTMETER PYRO- 
ri METERS. A complete line to choose from. Bulletin 
488H. RADIATION PYROMETERS. For temperatures 
up to 3300°F. Bulletin 155H. 


View at right shows Bristol's Pyromaster Potentiometer Pyro- 
meter in the plant of the Porter Forge and Furnace, Inc., Everett, 
Mass. Although located only a few feet from three hard-working 
hammers, this Pyromaster has given accurate furnace temperature 
control ever since it was installed, over a year ago! 
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Notes about 


Famed nearly as much for the personality 
behind his presentation of technical papers as for 
their technical quality is Vsevolod N. Krivobok. 
Russian born and educated, he was early commis- 
sioned by the Russian Government as a junior 
member of the Artillery Commission sent to 
America in 1915. Five years later he entered Har- 
vard for graduate work and in 1924 joined the 
staff of Carnegie Institute of Technology. He now 
divides his time between that institution as pro- 
fessor of metallurgy and Allegheny Steel Co. as 
associate director of research. Typical of his con- 
tributions to the field of stainless and corrosion 
resisting steels is the paper for last spring's 
Western Metal Congress, currently being repro- 
duced in Metal Progress, page 135. He presented 
the Campbell Memorial Lecture before the 1934 con- 
vention of the American Society for Metals, and is 
much in demand for talks before the Chapters. 


Klaus L. Hansen, author of the leading article 
in this issue, came to the United States from Nor- 
way in 1901 with a bent for electrical machinery 
and an inquiring and inventive mind. His first 
five years here were spent in various electrical 
shops in Chicago and attending University of Illi- 
nois, then with Westinghouse in East Pittsburgh 
for the next thirteen years as tracer, draftsman, 
dynamo tester and designing engineer. Eventually 
he got into consulting and development work of his 
own. Are welding generators were one of the 
problems that soon attracted his attention, with the 
result that he invented and designed the Hansen are 


Herbert H. Moss Vsevolod N. Krivobok 


contributors 


welder, now manufactured by the Harnischfeger 
Corp. in Milwaukee, Wis., for which Mr. Hansen 
now acts as consultant. 


Edward W. P. Smith was graduated as an elec- 
trical engineer from Colorado College, and got his 
arly training before the War in the operation of 
a power plant in the West. Subsequent connec- 
tions with various eastern firms culminated in suc- 
cessive positions for Lincoln Electric Co. as tester, 
electrical engineer and chief engineer. Then for a 
number of years he engaged in private consultation 
practice on the design and welded fabrication of 
machinery, oil field equipment and buildings. He 
is now consulting engineer for Lincoln Electric Co., 
with a background that well fits him to write on 
economics of welding, page 131. 


The process of flame softening described on 
page 140 owes much of its development to the work 
of Herbert H. Moss, an engineer with Linde Air 
Products Co. Mr. Moss has also been instrumental 
in solving many other problems in the use of oxy- 
acetylene welding and cutting in structural work. 
In 1931 he was called upon by President Hoover's 
Committee on Technological Developments to 
investigate the use of welding in small house con- 
struction. In 1932 Mr. Moss was awarded the 
Samuel Wylie Miller Medal of the American Weld- 
ing Society. At this time he was engaged principally 
in extensive development work in connection with 
flame machining. 


Edward W. P. Smith 


Klaus L. Hansen 
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What a user found out about 
LINCOLN “SHIELD-ARC 85’ ELECTRODE 


Tests made by Wellman Engineering Co., Cleveland, Ohio. 
Analysis of steel welded: Carbon .20%—Molybdenum .68% —Manganese 1.26% 


Electrode used: Lincoln “Shield-Are 85." For welding all high-tensile low-alloy steels (up to approx. 90,000 Ibs./sq. in. tensile) such as: 


RESULTS: 
| AS WELDED | STRESS RELIEVED AT 1200° F. 
| 
Yield Point Ibs. / sq. in. (weld) | 78,000 | 60,000 
Ultimate tensile strength Ibs./sq. in. (weld) 94,700 | 74,700 
Bend elongation (weld) 62% =| 106% 
(Stretch of outside fibres) | (Specimen illustrated) 


: We are pleased to show you the results of 
tests made by users of “ Shield- Arc 85,” 
. “Fleetweld” and other Lincoln Electrodes 
because invariably these findings surpass 


our claims. Try these new Lincoln Elec- 
trodes and see how they improve your 
products and cut your costs. Consult the 
nearest Lincoln office or mail the coupon. 


a ™. 


THE LINCOLN ELECTRIC COMPANY 


LARGEST MANUFACTURERS OF ARC Dept. MM-511, Cleveland, Ohio 


Send a free copy of Electrode Procedure Guide, Bul. 401. 


WELDING EQUIPMENT IN THE WORLD 


4 Company 
Address 
City 
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FINE TOOL STEELS 
FOR EVERY PURPOSE 


DON'T 
BELIEVE US — 


when we tell you Wolfram 
High Speed Steel is a bet- 
ter 18-4-l type. This is the 
opinion of our many satis- 
fied customers, and who 
are we to contradict ‘em? 
Send an order today and 
join the believers. 


ICA CRUCIBLE STEEL C0. 


TWENTY FIVE 2 
PouNoOS To 


MOORE RAPID 


Lectromelt 
FURNACES 


for 


MELTING - REFINING -SMELTING 


Alloy and Carbon steels 

Gray and Malleable irons 

Copper and Nickel and Alloys 

Ferro-alloys, Carbide, and Special products. 
Furnaces available in top-charge type with quick 
raise and swing roof — also in door-charge types. 


RAPID - ECONOMICAL - RUGGED 


PITTSBURGH LECTROMELT 
FURNACE CORPORATION 


FOOT 32ND ST. PITTSBURGH, PA. 


Metals in Marine Engines 


(Continued from page 120) the blades strik« 
water, for which condition we have as yet no 
remedy. 

Oil engines are next to turbines on the basis 
of weight per shaft horsepower. They have 
their peculiar troubles. At any meeting of engi- 
neers dealing with oil engines it will be found 
that liner and piston ring wear cannot be kept 
long out of the discussion. 

In the four-stroke single-acting engine the 
liner is a simple proposition, the pearlitic cast 
iron of which it is made will last for, say, 50,000 
hr., or ten years. Some two-stroke and some 
double-acting engines have liners of compara- 
tively complicated construction, and the cast 
iron for such is now alloyed with, for example, 
nickel, chromium, molybdenum, or vanadium 
and titanium; they cost about six times as much 
as liners of single-acting engines and last less 
than half the time! 

We cannot sit down contentedly with that 
state of affairs. Is the remedy going to be the 
adoption of harder liners, or the electroplating 
of liners, or must the ship-owner continue to 
pay for the lighter oils supposedly required for 
the simpler engines? And should the piston 
ring be softer or harder than the liner, or of the 
same metal and characteristics? 

Although much has been written about the 
wear of cylinder liners and piston rings in the 
internal combustion engine, no solution has yet 
been reached which finds general acceptance. 
Probably the correct solution of the problem is 
to make these of the same material, and as hard 
as possible so long as the hardness is due to the 
closeness of texture of the material, and to 
make sure of effective lubrication of the upper 
part of the cylinder liner. 

It is also suggested that the question of 
piston rings is not finally decided. 

Boilers — Present-day boilers are equally 
or more developed than the turbines which they 
supply. At one time a boiler was a kettle in 
which water was boiled. Now it has become a 
machine for the rapid production of steam. 

The question still remains as to why our 
oldest friend, the tank or Scotch boiler, should 
have such a high factor of safety that its weigh! 
becomes a severe penalty. Consider, for exam- 
ple, the boiler shell. This is formed by bending 
the plate beyond the elastic limit, and it is no! 
subsequently annealed. (Continued on page 176 
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GRASSELLI 


FLUXES 


FOR HOT GALVANIZING - TINNING 


@ True ot fluxes as with other DU PONT buy, from a recognized source, properly 
Chemicals, we are prepared to recom- compounded fluxes uniform in quality. In 
mend and supply a proper flux for any set most cases such a procedure reduces flux- 
of conditions. ing costs as well as improving the quality 
of work. As a variation in compounding 
fluxes may cause subsequent defective 
work it is always safest for the manufac- 
turer to insure the quality of his work by 
Even in the case of standard fluxes it is purchasing flux requirements from a rec- 
most economical for the manufacturer to ognized source. 


Experience with fluxes over a period of 
many years enables us to recommend proper 
fluxes to meet unusual requirements. 


Technical service is available to assist manufacturers in 
the use of Grasselli acids, fluxes, inhibitors and other 
chemicals used in the preparation and finishing of metals. 


E. i. DU PONT DE NEMOURS & COMPANY, INC. 
GRASSELLI CHEMICALS DEPARTMENT 
A WILMINGTON, DELAWARE 


J Albany 


| ZA ZY | Boston 


Charlotte 


Chicago 
ES = Cincinnati 


—< y Detroit 


Milwaukee 


2? New York 
4, Philadelphia 
Pittsburgh 
Y yy } St. Louis 
San Francisco, 584 Mission St. 
Los Angeles, 2260 E. 15th St. 


Represented in Canada by 


a) U,, CANADIAN INDUSTRIES, Lic. 


General Chemicals Division 
D hy Montreal and Toronto 
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i Metals in Marine Engines 


| | PYRO-ELECTRO 


(Starts on page 120) It is obvious that the 
thinner the plate the less the internal stresses 
set up in the plate. The allowance of an addi- 
tional thickness for wastage is unnecessary, as 
the thickness is 15‘°¢ more than is required, the 
strength of the seam being only 85% of the 
strength of the full plate. 

Metallurgical Advances — Looking back- 
wards, it appears that the advance which has 
been made since the inventions of the steam 
engine, the steam turbine, and the oil engine, 
has been bound up very closely with the 
advance in workmanship (including, of course, 
accurate machining) and with metallurgy, and 
it is probably on the future progress of metal- 
lurgy that the rate of development will depend. 

We are still in need of cheap, standardized 


Ee h) OFF CENTER TESTS: Adjustable penetrator beam and temperatures, and resistant to such evils as 

* tecomne # gg INTERNAL tests at any point of 6° creep, brittleness, and corrosion. That there is 

SSS LP Complete catalog of Diamond Penetrator and Brinell much to be learned is evident. Physicians do 
models on request. not know the cause and cure of the common 


MODEL “HT” INTERNAL TESTER 


PYRO-ELECTRO INSTRUMENT CO. the same wey cannot 
| ; 7323 W. Chicago Blvd. Detroit, Mich. us why common wrought iron resists the ray- 
k ages of time so much better than steel. 

Cast iron has traveled on through pearlitic 
cast iron to be alloyed with chromium, copper, 
vanadium, titanium, molybdenum, and _ nickel. 
Are we on the eve of something definitely so 


superior to our past practice that we can stand- 


ardize it? 

Steel has been similarly alloyed and has 
been heat treated in a variety of ways. Will 
there be a simplification of these processes? In 
the eyes of marine engineers, brass, in the form 
of condenser tube, is one of the outstanding 
triumphs of metallurgy since the discovery of 
aluminum brass, 76 Cu, 22 Zn, 2Al. What is now 
wanted is the similar discovery and develop- 
ment of a metal to stand up to the temperature 
of burning oil, say, a modest 1500° C. (It sounds 
more reasonable in centrigrade!). And an oil 
that will lubricate at that temperature. And 
nuts and bolts that will not be at or above their 
annealing point under these conditions. 

If we are ever inclined to think that we 
have arrived and that there is no more to be 
done, it is a good thing to make out a brief 
balance sheet, putting on one side the things we 
know and on the other side the things we don't 


CHAR PRODUCTS COMPANY know. It should have an invigorating effect. 
MERCHANTS BANK BUILDING — INDIANAPOLIS This paper is intended in some small way (0 


fill such a want. 
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@ In August of 1936 the Mueller Brass 
Co. at Port Huron, Michigan, manufac- 
turers of the well-known Streamline 
brand of copper pipe and solder fittings, 
installed an SC direct-fired furnace for 
bright annealing copper tubing in 
straight lengths and coils, using a con- 
trolled atmosphere provided by the prod- 
ucts of combustion. So rapidly did this 
new furnace built by Surface Combustion 
engineers amortize its cost, that it paid 
for itself in less than a year! Recently, 
another similar furnace of 25°) greater 


capacity was installed alongside of the 
first furnace. Both are pictured above. 
Since the annealed tubing is free from 
oxidation, no pickling is required. The 
saving effected by eliminating pickling 
amounted to $1.22 per ton of product. 
Operating this furnace at a continuous 


rate of 7500 lbs. per hour requires 1280 
cu. ft. of coke oven gas of 530 Btu, at a 
cost of 45c per 1000 cu. ft. Fuel cost 
per ton of material annealed is 57.5c. 
The first of these furnaces built for a 
capacity of 6100 lbs. per hour was actu- 
ally operated a large part of the time at 
a rate of 9100 lbs. per hour, for 9 months, 
handling the entire tube mill production. 
The second furnace is performing equally 


COMBUSTION 


as well and with equal economy. 
Efficiency of SC automatic gas-air 
proportioning burner equipment and ex- 
perience of Surface Combustion 
engineers in building all types of con- 
trolled atmophere furnaces, makes pos- 
sible such advanced strides in modern 
heat treating practice. For further partic- 
ulars and without obligation write 
SURFACE COMBUSTION CORPORATION, Toledo, Ohio. 


Builders of ATMOSPHER! FURNACE 
and HARDENING, DRAWIN 
IZING, ANNEALING FUP 
CONTINUOUS or BATCE 
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@ When Floyd Roberts drove to a new record of 117.2 M. P. H. at Indianapolis, Republic S 
alloy steels in the shafts, rods and other parts of his Lou Moore-designed car withstood 0 
terrific punishment. r 
When Howard Hughes sped around the world to set a new record of 3 days, 19 hrs., r 
17 min., vital parts of his plane, made of Republic alloy steels, stood up under tremendous h 
strain and helped make this historic flight possible. s 
In other racing cars—in other planes—in fact, wherever high strength, light weight ‘1 
and resistance to stress, shock, impact, wear, corrosion and high temperature are ‘““MuUsTS,” ‘ 


Republic alloy steels are playing important parts—making possible better products that 
last longer and cost less. 
How about your product? Let us tell you how Republic alloy 


steels can improve it. Republic Steel Corporation, Alloy Steel 
[REPUBLIC | 


Division, Massillon, Ohio—General Offices, Cleveland, Ohio. 


BERGER MANUFACTURING DIVISION 
UNION DRAWN STEEL DIVISION 


$§TEEL AND TUBES, INC. 


When writing Republic Steel Corp. for further information, please address Dept. M.P. 
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High speed trains & metallurgical research 


Editorial 


ust after the Editor returned from the 
J Western Metal Congress last spring, an 
announcement reached his desk that the Zephyr 
fleet of trains operated by the Chicago, Burling- 
ton and Quincy railroad had passed the 
5,000,000-mile mark in regular service. It prob- 
ably is six million by now — and the Burlington 
is just one of several roads which are operating 
trains on really fast schedules. 

One has only to travel west of Chicago to 
realize that high speed passenger transportation 
has become the ideal of Western railroad execu- 
tives — men who as a class have frequently been 
criticized as most careful and conservative in 
their business attitudes. Chicago to Minneapolis 
at a mile a minute; Chicago to Denver at 68 
miles an hour (including ten stops); Chicago to 
Los Angeles or San Francisco in 40 hr. — these 
are marvelous performances, even as the result 
of a century’s railroad development. These lux- 
urious trains float along at bursts of speed so 
high that nervous back seat drivers would pull 
an emergency cord if a speedometer were visible. 

These fundamental changes in the railway 
industry are due in large part to a common- 
sense application of technical ideas well devel- 
oped by its competitors, air and motor transport, 
rather than intensive original research by the 
railroads themselves. Elimination of surplus 
moving weight by refined design in stronger 
steels, light metals or non-metallics; streamlin- 
ing to reduce wind resistance; improvement of 
steam power plant or substitution of perfected 
diesel engines; modernization of the spring sus- 
pensions and shock absorbers; air conditioning 
of coaches and diners — this combination has 
made today’s train as much beyond the passen- 
ger train of yesterday as the train of yesterday 
was ahead of the stage coach and canal boat. 

In all these things advanced metallurgy has 
had a part, and it is impossible to measure the 
full extent of their influence. That is almost a 
lruism; one is reminded of a remark made by 
‘obert Leach, vice-president of Handy & Har- 
man, when escorting a visitor through his model 
plant devoted to silver and its alloys: “Twenty- 
‘iree years ago, when this plant was built, the 
silver solders were almost insignificant; during 

veral months in 1937, however, their sales 


value indicated that they were one of our major 
products.” One might add that .they have 
become an industrial necessity, whereas sterling 
silver remains a luxury to most Americans. 

It is a far-sighted executive who can fore- 
cast the ultimate value of a new development, 
even approximately. Here, probably, is the 
greatest criticism of the railroad men — they did 
not start their improvements until the competi- 
tive situation was desperate. A precisely oppo- 
site attitude has reaped rich rewards in at least 
one branch of the metal industry: 

Fifteen years ago the developing art of die 
casting promised great manufacturing econo- 
mies for makers of small machinery. Various 
zine alloys of that day, however, while easy and 
cheap to cast, proved unreliable in some services 
— for instance, they would swell, lose strength, 
and even crumble in moist locations. Research- 
ers at New Jersey Zinc Co.’s laboratory dis- 
covered that common impurities in the ordinary 
zinc must be eliminated practically completely 
in order to stabilize these alloys. While zine 
99.95% pure had been available for many years, 
and one might think that that was about the 
commercial limit, it did not prove to be good 
enough for die castings as we know them today. 

Be it remembered that an extensive demand 
for zine die castings, on account of their bad 
reputation, was at that time purely hypothetical. 
That, however, did not interrupt the vigorous 
work on them. It was a time-consuming investi- 
gation, for the troubles that were to be corrected 
could often be measured only after years of 
exposure in damaging atmospheres. However, 
successful application of zinc, 99.99° pure, in 
improved alloy analyses, has so corrected the 
situation that the present consumption of zinc 
in die castings, far from being the inconsider- 
able figure of 5000 tons a year, now in America 
alone is approximately 100,000 tons per year! 

These two instances — silver solders and 
zinc die castings—are only two from many 
that the railroad men might remember when 
they begin to doubt whether improved passenger 
schedules are worth what they cost. The metal 
industry is full of examples where the price of 
survival has been continual research and revo- 
lutionary improvements in operating methods. 
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eat treatment by 


high frequency 


induction 


U.. OF HIGH FREQUENCY induction 
heating for the heat treatment of steel now 
offers the metallurgist and manufacturer a new 
and distinctly improved method of selective 
heating for purposes of hardening and anneal- 
ing. Whereas the application of this type of 
heating to large parts such as automobile crank- 
shafts is now approximately two vears old, and 
its use on continuous strip such as razor blade 
steel even older, the commercial application 
of induction heating to comparatively small 
machined parts such as are used in electric 
bookkeeping and accounting equipment is still 
in its infaney, 

Even so, several months of practical experi- 
ence with induction heating in this field of appli- 
cation already indicate that this method will 
in a large measure modify and replace the 
present practice of selective hardening and 
annealing. As compared with the present well- 
known methods of selective hardening such as 
torch heating, localized heating in a lead bath 
or a salt bath, and selective carburizing using 
copper plate or a clay mixture as a protective 
coating, induction heating has the advantage of 
greater flexibility, speed, economy and accuracy. 

Equipment required for the induction heat- 
ing of comparatively small parts, as mentioned 


By L. C. Conradi 


Technical Research Director 
International Business Machines Cor; 
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before and as illustrated on 
the opposite page, consists of 
a so-called converter for pro- 
ducing high frequencies 
(heating applications use in 
excess of 20,000 cycles per 
sec. up to perhaps 500,000 
cycles per sec.) and coils of 
water-cooled copper tube, 
such coils conforming 
roughly to the size and shape 
of parts to be heated. As 
compared with other avail- 
able types of high frequency 
generators the “quenched 
spark gap” type of converter 
has the advantage of low 
initial cost and low main- 
tenance cost. 

Enough has been written 
about the coreless induction 
furnace to make superfluous 
any long account of how the high frequencies 
are generated and how the heating by induc- 
tion is accomplished. In our set the line voll- 
age of 60-cycle current at 220 volts is stepped 
up to 2000 volts in an ordinary transformer. The 
high voltage side of this transformer is con- 
nected to the two ends of. the heating coils. In 
both these connecting lines, however, is a bank 
of condensers, and across the circuit, between 
these and the heating coil is a third bank of 
condensers. Between condensers and _ trans- 
former a spark gap is also connected across 
the circuit. 

In operation the line voltage charges the 
condensers to a potential suflicient for a current 
to jump across the spark gap. The gep then 
momentarily becomes a conductor and remains 
so until the condenser has given up all of its 
charge. The moment this occurs the gap acts 
as an open circuit and the condenser again can 
be charged. This sequence of actions 1s 
repeated continuously. The property which the 
gap possesses of returning to its un-ionized or 
non-conducting state is called “quenching” and 
therefore the term “quenched spark gap” 's 
used to describe this particular arrangement. 

The metal part to be heated is held insice 
the coil of copper tubes, which is now carrying 
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.cillating or interrupted cur- 

nt at high frequencies, and is 
eated by the electric currents 

iduced into it. There is no 
metallic contact between the 
part and the coil. The coil 
senerates an electric field, con- 
centrated within it along the 
axis, Which is oscillating 
200,000 times per sec., and the 
metal part intercepts this elec- 
tric field and eddy currents are 
established inside this metal 
part. This induced current 
then generates an equivalent 
amount of heat. The action 
may be compared with a trans- 
former in that the heating coil 
corresponds to the primary 
winding and the metal part to 
be heated corresponds to the 
secondary winding. 

Now suppose that the 
equipment is ready and a pan- 
ful of parts is ready for treat- 
ment. By experimenting with 
several pieces, the operator 
easily determines the correct 
setting for the power control 
(knob at lower left side of 
cabinet) and the correct tuning 
of the high frequency output 
(knob in upper center). Judg- 
ing the temperature by eve and 
by visual examination of the 
fractures of hardened parts, 
checking the hardness by file 
lest and Rockwell C readings, he can readily 
determine the correct practice. Settings of the 
tuning dial and power control dial, time, and 
the heating coil number are recorded for each 
part for reference at some future time. 

The operator need only exercise reasonable 
care in centering the part within the coil in 
order to obtain uniform heating. 

Hardened gears and cams almost without 
exception require hardness only in the teeth 
and the cam surface and at the same time 
require a soft hub and hole to permit subsequent 
drilling for taper pinning, during assembly 
perations. Before the introduction of high 
requency induction heating it was necessary to 
copper plate a gear blank or cam blank prior 

»machining. This copper would be removed 
‘rom the teeth or cam surface by the machining 


Complete Equipment to Utilize 8-Kw. Power 
for Heating Small Parts by High Frequency 
(200,000 Cycle) 
bevel gear being heated in conforming coil 


Induction. Inset shows 


operations, and the regular carburizing and 
heat treatment would harden these surfaces 
only, leaving the hub and hole soft where the 
copper plate remained. 

In some cases it was more advantageous to 
pack the hub and hole of a gear or cam with a 
moist clay mixture and allow it to dry and bake 
over night before proceeding with the carbu- 
rizing and heat treating operation. The clay 
mixture, like the copper plate mentioned above, 
served to prevent carbon penetration and con- 
sequent hardening of the hub and hole section. 

With this old method in use heretofore on 
gears, cams, shafts and arms, it was necessary 
to reheat the section to be hardened in molten 
lead at a temperature of 1400 to 1450° F. which, 
no matter how carefully done, always carried 
out a generous amount of lead adhering to the 
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parts. Removing this lead from the parts always 


required an extra operation — either scraping 
by hand or wire brushing. So, briefly stated, 
copper plating, claying of hub and hole, and 
removing adhering lead have been largely 
eliminated by high frequency induction heat 
treatment. 

Induction heating offers an additional 
advantage that it will be possible to use 0.40 to 
0.50 carbon steels and alloy steels for many gears 
and cams instead of a low carbon carburizing 
grade, and thus eliminate the carburizing opera- 
tion which would otherwise be a_ necessary 
requirement for selective hardening. In all 
instances there is a minimum of scale and dis- 
tortion with induction heating. 

Some specific instances will now be quoted. 


Hardening of a Portion of a 
Shaft-End, Near the Shoulder, 
Leaving the End Soft, May Be 
Done in These Short, Small 
Coils. Tip ends of small arms 
may also be_ heated for 
hardening. Below — A soften- 
ing anneal is given to the 
strip-ends, five at a_ time 


First the carburized 
bevel gear shown on 
page 215. The gear is 
made of the S.A. E. 
X-1020, has a weight of 
3 oz. and dimensions as 
follows: Hub in. 
diameter, hole in. 
diameter, over-all 
diameter 1.589 in., tooth 
length in. Hardening 
requires approximately 
18 sec. with a power input of 6 kw. The temper 
is drawn in the usual manner at 350 to 450° F. 

The shaft shown at top of this page is 
made of S.A.E. X-1112 cold-drawn steel and is 
carburized 0.015 to 0.020 in. deep. Induction 
heating permits us to harden the 0.338-in. bear- 
ing end to Rockwell C-62 minimum for a length 
%4 in. out from the shoulder, leaving approxi- 
mately *, in. of the extreme outer end soft for 
subsequent machining operations. The same 
coils are suitable for such things as a reset arm, 
made from 0.078-in. thick S.A.E. 3115 cold-rolled 
strip. After carburizing, the ends only ar¢ 
heated by induction and hardened to Rockwel! 
C-62 minimum, using a power input of 4 kw 
for 5 sec. 

Overthrow lock bars, as shown at the to] 
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Coils Do Not Need to Be 
Round Witness the Above 
for Hardening the Prongs of 
a 1020 Bar. Fixtures can be 
used when heating several 
very small parts simultane- 
ously, even heating them 
selectively, so that one end 
of the part remains soft 


of this page, are made 
of 0.312x1.125-in. S.A.E. 
1020 steel and are car- 
burized 0.015 to 0.020 in. 
deep. In order to meet 
service requirements 
and keep distortion and 
dimensional change to a 
minimum, the prongs 
only are hardened to at 
least Rockwell C-62 for 
a distance of 0.28 in. 
back from the end. 
Induction heating easily meets all these require- 
ments in approximately 35 sec. with a power 
input of 6 kw. 

The type bar as shown in the lower view 
on page 216 is blanked from 0.050 in. thick 
S. A. E. 1010 cold-rolled steel having a Rockwell 
hardness of B-90 to 105. The wide end is 
annealed by induction heating to Rockwell B-50 
to 60 in order to bend the edges at right angles 
to form the type case. Using a power input of 
»” kw., five bars can be annealed in 35 sec. 

The gear studs shown in the final view 
must have a hardness equivalent to Rockwell 
C-62 minimum all over except for the tenon 
end which must be left soft so it can be riveted 
over during assembly operations. Using a hold- 
ing fixture made of transite, seven parts can be 


heated to the proper hardening temperature at 


one time with a power input of 4 kw. In an 
hour 500 to 600 pieces can easily be treated in 
this manner. In addition to its function as a 
mounting plate, the transite serves as an insula- 
tor for the tenon ends, thus preventing heating 
and hardening of the same. 

The foregoing illustrations indicate the wide 
field of application induction heating is certain 
to have in modern heat treating practice. While 
the examples cited may be classed as batch and 
hand type operations, heat treatment by induc- 
tion heating readily lends itself to fully auto- 
matic and continuous operations by designing 
and using suitable conveyor feed for parts on 
which production is large enough to warrant 


such an installation. 
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pearlite, troostite 


and sorbite 


A, LONG LAST I have decided to “write a 


letter to the Editor’, a thing which I have, 
at various times in my life, itched to do but 
which — until the present moment—HTI have 
never done. In this particular instance I am 
prompted by the desire to add my bit to the 
perennial discussion concerning the nomencla- 
ture of microconstituents of the iron-carbon 
allovs. This discussion waxes and wanes, in 
volume and feeling. Sometimes the subject will 
remain in a state of innocuous desuetude for 
months or vears — and again it will attain tem- 
peratures commonly designated as fever heat. 
The high temperature stage was approached, for 
example, in the excitement following the pub- 
lication of the paper by Vilella, Guellich and 
Bain, “On Naming the Aggregate Constituents in 
Steel” in Merat ProGress in August, 1935. Again, 
interest has lately been aroused by the publica- 
tion of Dr. Sauveur’s highly entertaining “The 
Lamellar Family” as the leading article in the 
May issue of Merat ProGress and of his more 
serious and less ironical “Wanted: An Interna- 
tional Committee on Nomenclature” (Metals 
and Alloys, Vol. 9, page 137, 1938). 

I frankly confess that, although I do not feel 
as apprehensive about the matter as Dr. Sauveur 


istinctions 
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appears to feel, I do strongly 
sympathize with his general 
views. Realizing that lan- 
guage is, in the last analysis, 
a means for communicating 
ideas and feelings and opin- 
ions, and that words and 
terms and phrases are 
invented to express such 
things, later to be modified 
according to widened 
information and diversified 
usage, I still hold (with Dr. 
Sauveur and everyone else, | 
think) that it is a matter of 
importance to have such 
words and phrases as nearly 
definite in meaning as possi- 
ble so that each of us shall 
understand, so far as may be, 
just what the other is talking 
about when he employs these 
vital tools in spoken or written discourse. 

With all due respect to Messrs. Vilella, 
Guellich and Bain, the authors of the first paper 
above cited, and to their considered opinions, | 
do not favor widening the use of the term 
“pearlite” to include what we have been desig- 
nating as “troostite” and “sorbite”. It is true 
(or at least we so believe) that troostite and 
sorbite—also apparently martensite — are 
microstructures composed ferrite and 
cementite, the same phases as are in pearlite. 
But it does not seem to me that it logically fol- 
lows that we must therefore abandon _ these 
formerly accepted terms as designating certain 
recognizable microstructures, developed through 
rapid cooling and possessing quite different 
mechanical properties and micro-appearance, 
merely because they are made from the same 
building units. 

I do not base this opinion upon the ele- 
mental fact that Henry Marion Howe invented 
the term “pearlyte” because of the pearly 
appearance of polished and etched annealed 
steel. Names are constantly being broadened 
and changed in meaning, until sometimes they 
almost entirely lose their original significance @s 
related to physical appearance, assumed chem - 
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‘| properties, or etymological derivation. In 
ticular cases we may have mental reserva- 
ons as to the wisdom or the utility of such 
nethods of word evolution, but we cannot 
hange matters very much by uttering polemics 
igainst them. 


Derivation of the Names 


As a single example, consider our term 
“cementite”, designating the phase fundamen- 
tally consisting of iron carbide but containing 
also, in solid solution, any other element pres- 
ent, or carbide or compound present or capable 
of being formed, up to the limits of their solid 
solubilities in the iron carbide. So far as its 
etymology is concerned, the word cement starts 
with the Latin caedera, to cut, hence caedimen- 
jum and its contraction caementum, which 
settled into “a rough, unhewn stone from 
which mortar was made” (Webster). How the 
word “cement” came to be applied to the bony 
tissue forming the outer crust of a tooth, and 
the word “cementation” to mean the process 
whereby a crust of hard steel could be produced 
on a bar of soft wrought iron, is not shown in 
the available dictionaries. At any rate the outer 
rim of blister steel, the product of cementation, 
was rich in a certain microconstituent which 
turned out to be iron carbide and what would be 
more natural than to call it “cementite”, the 
hard constituent in cemented iron? 

It was first described by Sorby as_ the 
“intensely hard constituent” and one may 
assume an additional reason for the term, as 
applied to our own iron-carbon phase 
because of its hardness it is similar to the wear- 
ing surface of a tooth, or something hard enough 
to cut (caedera). 

As a matter of fact what metallurgist ever 
bothers his head about such matters, or who 
ever will, other than a lexicographer? We 
continue to use the name because it has a fairly 
well-defined significance to us, hence is quite 
satisfactory for the purpose. 

To the casual metallurgist “cementite” 
means the compound represented by the chemi- 
cal formula Fe,C. To the somewhat more 
thorough and discriminating student of metal- 
lurgy it signifies a phase, defined more or less as 
above. Sometimes it is far from being pure iron 
carbide, as in alloy steels containing carbide 
forming elements, yet we experience no special 
embarrassment in the use of the term. Whether 
one is inclined to be meticulous or careless in 


the selection of words and terms, usually every- 
one understands what we are talking about 
when we speak of cementite in discussing any 
given type of iron-carbon alloy. 

My personal objection to the extension of 
the term “pearlite” to include what we have 
been accustomed to designate as “troostite” or 
“sorbite” is not based upon any romance con- 
nected with its origin (as some of the comment 
would seem to imply) but upon my feeling that 
by so doing we not only fail to simplify the con- 
notations of our accepted terminology — we 
actually cloud and render them more vague. 
The microstructure whose nature was revealed 
by Sorby’s work was a normal transformation 
product of saturated or eutectic austenite, 
formed upon slow cooling of the alloy, and 
“pearlite” has meant that very thing to metal- 
lurgists through these many years. (Note that 
1 prefer “eutectic” to “eutectoid”, but of that, 
more later.) It is granted that “eutectic 
austenite” varies in carbon content, since other 
elements may be present in appreciable propor- 
tions. So does ferrite, yet we retain this name 
for the phase. A _ nickel steel forms eutectic 
austenite (and later pearlite) having less carbon 
than is found in the eutectic of a simple steel. 
But ferrite, in such a steel, also is different in 
composition, containing nearly all of the nickel 
in addition to the saturation content of carbon, 
the last in turn being altered by the presence of 
nickel. Yet we still call it “ferrite”. Unlike 
elements or compounds, phases are not con- 
stant in composition, This being true, eutectoid 
mixtures of phases may vary in composition 
without losing their special identity as phase 
mixtures derived from transformation of eutec- 
tic solutions. 

Certain comment, leading to the inference 
that the term “pearlite” has no very definite 
significance merely because the relative 
amounts of its constituent phases vary accord- 
ing to elementary composition and cooling rate 
of the alloy, appears to me to be without much 
point. The matter of variation in alloy compo- 
sition has been discussed above. This brings 
us to the consideration of troostite and sorbite. 

Just as “pearlite” has been given a meaning, 
as nearly definite as possible considering vari- 
able alloy composition and cooling rates, so 
“troostite” and “sorbite” have been names for 
fairly distinct and recognizable microstruc- 
tures, obtained through rapid cooling of iron- 
carbon alloys, under conditions such that 
equilibrium could not even be considered as 
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being approached, much less being attained. 

Just where, in the consideration of cooling 
rates, cooling should be called “rapid” and 
where “slow” is a matter not so easy to decide. 
The same statement may be made regarding 
“equilibrium”. To paraphrase rather liberally 
a purported observation of Mark Twain con- 
cerning the weather, equilibrium is something 
which lots of people talk about but which 
nobody has. Strictly speaking, we may con- 
sider an alloy system (or any other physical 
system) to be in equilibrium only with infinitely 
slow cooling or heating. Actually we approach 
this condition closely enough, in many cases, so 
that we are entitled to speak as though we 
had attained it— thus “equilibrium diagrams”, 
which nobody ever has established nor ever will. 

Consequently “pearlite” may not ever be 
quite the ideal eutectoid mixture of ideal ferrite 
(pure alpha iron) and ideal cementite (pure 
iron carbide). From every practical viewpoint, 
nobody expects it to be so and, again from the 
practical viewpoint, the question is purely aca- 
demic. When heat treating steel we either cool 
quite slowly, as in the furnace, or we quench in 
some manner, as in air, oil, water, or some other 
medium. In the first case we intentionally pro- 
vide opportunity for approximate equilibrium 
to be established, hence we find “pearlite” along 
with primary ferrite or cementite in the struc- 
ture. In the second case we intentionally hurry 
the cooling, thus producing some other desired 
microstructure with modified mechanical prop- 
erties and hence we find “martensite”, “troost- 
ite” or “sorbite”’, or perhaps some other 
approximately designated microstructure, to be 
suggested by metallurgists of the future. 

Suppose that martensite, troostite, sorbite 
and pearlite are all composed of the same two 
phases, ferrite and cementite. To call them 
all “pearlite” (fine, coarse, lamellar or globular) 
because of this is no more logical than to call 
all human beings Americans (or French = or 
Italians or Russians, according to personal pref- 
erences) because they have the same general 
physiological or anatomical mak eu p— two 
eves, ten lingers, one nose, and so on. We still 
find a use for the national or racial designations 
and the name “American” still means some- 
thing distinctive. 

One must be extremely venturesome if he 
essays to have definitions adopted, in the field 
of metallurgy, without serious — perhaps even 
violent — controversy. Even at this risk I am 
going to propose something. This “something” 


is not definitions, but rather grounds for classi fi- 
‘ation of microstructures. I do not even think 
it is new, but rather a reiteration of old ideas. 
My alibi (business of controversy) is that in no 
case do I attempt to state just what composition 
of phases or what proportion of constituent 
phases constitutes the correct qualification for 
being included under the various terms. These 
matters I leave to others, who are (if possible) 
even more venturesome than I. 


Distinctions, Rather Than Definitions 


I propose the following distinctions: 

Pearlite — The normal product obtained by 
slow transformation of eutectic austenite. It 
consists of the phases ferrite and cementite, the 
composition and relative amounts of these 
phases depending upon the proportions of other 
elements present, soluble in either phase, and 
upon the degree of approach to infinitely slow 
cooling. 

Troostile and Sorbite — Recognizable and 
fairly characteristic microstructures produced 
by rapid cooling of iron-carbon alloys, or by 
reheating such alloys after they have been fully 
hardened. They consist essentially of the phases 
ferrite and cementite but, since these phases 
have formed under conditions of pronounced 
disequilibrium, and from alloys not necessarily 
of eutectic composition, the composition, rela- 
tive amounts, and form and average crystal size 
of such phases depend upon the specific compo- 
sition of the alloy and its thermal history. 

It may be pointed out that I have here care- 
fully avoided any statement that should be con- 
strued as an attempted definition of any of the 
three terms above discussed. Nothing has been 
said as to the degree of divorcement, if any, of 


pearlite and nothing as to “globular”, “spheroi- 
dized”, or other forms of pearlite. The desire is 
merely to keep “pearlite” as a name signifying 
mode of formation and general phase makeup, 
rather than definite elementary or phase com- 
position. I do not know precisely what troostite 
and sorbite may be, to the last degree, and |! 
doubt whether anyone else does, even though 
we do have some extremely useful ideas about 
these structures. We constantly attempt to 
broaden these ideas and to make our terms more 
meaningful. I do not know where that will end. 
Does anyone? 

Martensile, it will again be observed, I hay: 
left (almost) strictly alone. In this device of 
detouring I am qualifying, as I see it, for the 
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finition of “American”, as it was sneered at us 

the French and English when they were try- 

g to propagandize us into the late war: “An 

\merican is one whose religion is ‘safety first’.” 

Even at this, I do not expect to escape without 
| few sears!) 

There will continue to be, as in the past, 
structures whose classification will present diffi- 
culties. Just how nearly normal must pearlite 
be to justify its name? Just when, in the con- 
sideration of larger grain size and decreasing 
metastability, must we stop calling a microstruc- 
ture “martensite” and change to “troostite” (or 
“troostite” to “sorbite”, or “sorbite” to “pearl- 
ite”) ? With the exception of pearlite these struc- 
tures are not definite, in the sense that phases 
are definite and distinct, any more than styles 
of architecture are definite and distinct. No 
other set of names could be much more satis- 
factory, and yet we need some such names — 
even though occasionally, in our puzzlement, we 
hedge slightly by using cumbersome terms like 
“troosto-martensite” or “sorbitic pearlite”. 

As was earlier remarked, I sympathize with 
Dr. Sauveur’s general views. I do not believe 
that any serious schism is likely to develop 
among students of metallurgy or among workers 
in this field. Neither do I feel that attempts to 
extend the use of terms outside their former 
recognized significance should be regarded as 
“thrice-refined pabulum_ of transcendental 
moonshine”, as Thomas Carlyle might say. We 
are all interested in the continued effort to 
improve our metallurgical language, to make it 
more definitely expressive, and this is the only 
reason for the present communication. 


Editor's Closure —- No apology is necessary for 
giving so much space in this and preceding issues 
to the important problem of metallographic nomen- 
clature. It appears to the Editor, however, that 
harmonization of personal preferences cannot be 
expected until the disputants are agreed on the 
experimental facts. 

For instance, “Is it possible for hypo-eutectoid 
austenite to transform between Ar, and Ar’ into 
anything but ferrite plus a lamellar mixture of fer- 
rite and carbide?” 

“Is the acicular structure resulting from trans- 
formation at some constant temperature between 
\r’ and Ar” different from martensite?” 

“Can martensite be converted on tempering into 
inything but a dispersion of cementite particles in 
matrix of ferrite?” 

Let discussion be confined, therefore, in the 
mmediate future, to such points. 


Efficiency of the Blast Furnace 


By J. B. Austin 


Abstract from A.1.M.E. Technical Paper 943, 
Metals Technology, August 1938 


HREE of the four principal functions of an iron 
smelting furnace —- namely, preheating, fluxing 
and melting—are essentially heating operations 
and therefore theoretically independent of the 
method of heating used. The coke-fired blast fur- 
nace is therefore in principle as efficient thermally 
as any other method. Any attempt to set up a 
bogey with reference to which the performance of 
a real furnace can be compared, would then hinge 
on the chemical operation of reducing iron oxide. 
There are probably only three commercial pos- 
sible reagents for this purpose, which act at 1650° 
F. as follows 
Fe,O, + 3H, + 134 B.t.u.=2Fe + 3H,O 
Fe.O, + 3C + 2076 B.t.u.—2Fe + 3CO 
FeO, + 3CO = 2Fe + 3CO, + 339 B.t.u. 
and from a thermochemical standpoint the blast 
furnace reduction by CO which evolves a slight 
amount of heat, is the best. 

Turning now to the question of the efficiency 
with which the fuel is used, it will be necessary to 
‘alculate the minimum amount of coke for reduc- 
tion and then see whether the heat generated by 
burning this coke will give sufficient heat to keep 
the furnace in operation. 

From the last equation it can readily be figured 
that 720 Ib. of carbon can react with 3210 Ib. of 
FeO, to give 2240 lb. of iron. But this cannot be 
done so simply because the reaction is reversible, 
and it is necessary to maintain a considerable excess 
of CO to keep the reaction going in the desired 
direction. Let us therefore imagine an ideal fur- 
nace as consisting of three chambers with connec- 
tions for passing gas from one to another. In the 
first chamber Fe.O, is reduced to Fe,O,, in the 
second Fe,O, is reduced to FeO, and in the third 
FeO is reduced to Fe. 

It is assumed that at the start each chamber 
contains enough oxide to yield a ton of iron, that 
all three chambers are at the same temperature 
(1500° F.), that the reducing gas contains only CO 
and CO,, that all reduction is effected by means of 
CO. Referring to the equilibrium concentrations 
for the system Fe :FeO:CO:CO, we find that only 
36% of the CO is effective for reduction of FeO. 
The reaction going on in the third chamber at 1500 
F. is therefore 

FeO +.28CO—CO, + Fe+1.8CO 
We start with 2880 Ib. of FeO, and 1343 Ib. of car- 
bon is required, of which 480 lb. is for actual reac- 
tion and 863 Ib. goes to maintain the indispensable 
excess of CO. 

Similar reasoning and computations show that 
the residual gas is amply (Continued on page 255) 
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A Battery of Reflux Condensers Used in Corrosion Testing 
, Photo by Rittase for the DuPont Magazine 
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stainless steels 


N.: SO LONG AGO, in conversation, an 
eminent metallurgist and engineer spoke thus 
of the stainless steels: “Their place in mod- 
ern industry is assured because of their per- 
manency.” He did not add — because to him 
it would have appeared superfluous—-“ .. . 
providing service conditions are properly 
appraised, possible variations in such condi- 
tions taken into consideration, and the influence 
of the method of construction on the properties 
of the alloys carefully evaluated.” 

The idea of permanency without stated 
qualifications is neither justifiable nor techni- 
cally sound. The mind acquires the expectation 
of permanency for certain kinds of metal 
because of the marked and profitable improve- 
ments in the life of equipment in various 
industrial processes through the use of special 
corrosion, acid, and heat resisting alloys. If 
the selection of the metal has been properly 
made, a correct method of construction has 
been used and the assembly received its due 
care after construction and in service, the expec- 
lation of permanency becomes a reality and the 
above quoted phrase a true estimate of the 
illoy’s industrial importance. 

A careless and over-optimistic attitude, in 
some form or another, is invariably found to 
»e the reason for the rare cases of disappoint- 
ment. That the last statement is not an exag- 
eration will be agreed to, I am convinced, by 
nen actively promoting stainless steels, as well 


By Vsevolod N. Krivobok 
Associate Director of Research 


Allegheny Steel Co 


f Metallurgy 


and Professc ro 


Carnegie Institute of Technology 


as by fabricators and users. 
The reasons for failure are not 
always apparent or easily 
ascertained; that fact however 
does not change the picture. 

The known isolated cases 
of failures (in the exact sense of 
the word) are—not merely 
“may be” — traced to one of 
the following causes: 

1. Misapplications, caused 
primarily by enthusiasm, part- 
lv by psychology and partly by 
the lack of knowledge. 

2. Improper handling in 
construction, traceable to the 
failure to realize the fundamental characteris- 
tics of the metal. 

3. Neglect or abuse of the metal once it is 
installed, including radical changes in the con- 
ditions of service. 

Obviously it should be the desire of all 
concerned — manufacturers, fabricators and 
users to make permanency more permanent 
(the reader will forgive this hyperbole!) 
through the intelligent approach and most care- 
ful consideration and individual study of each 
problem involving corrosion and, consequently, 
corrosion resistant steels and alloys. For this 
reason the theme of this and the two preceding 
articles (all portions of the paper entitled 
“Characteristics and Fabrication of Stainless 
Steels Containing More Than 14°¢ Chromium” 
read before the Western Metal Congress early 
this year) has emphasized the properties and 
characteristics of the alloys with especial refer- 
ence to the changes induced by the usual fabri- 
cation methods. Much, therefore, has been said 
about cold work and welding heat. 

The first article in the July issue discussed 
the chromium-iron alloys, ferritic in = micro- 
structure, and the second one in August Merar 
Procress considered the chromium-nickel 
steels, whose microstructure is a quasi-stable 
austenite. Microstructural stability of these is 
vastly enhanced by the addition of columbium 
or titanium. Alloys so ngodified occupy a 
prominent place in stainless industry. Their 
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discovery and subsequent commercial applica- 
tions greatly diminished the hazards of corro- 
sion induced by carbide precipitation. In other 
words, their use is for a specific purpose. 


Effect of Molybdenum Additions 


At present another modification of the 
chromium-nickel-iron alloys is receiving well 
deserved attention; it contains up to 3.5% of 
molybdenum. Generally the composition of 
the alloy would fall within the following 
limits: Carbon 0.12% max., chromium 16. to 
20°. , nickel 8 to 14°, molybdenum 2.5 to 3.5%. 
Its discovery and commercial applications are 
also traced to the necessity of having an alloy 
particularly suited to a specific case of corrosive 
attack: This refers to a local or pinhole type of 
corrosion shown in the view on page 224, dis- 
tinctly different from general solution, or from 
grain boundary corrosion associated with car- 
bide precipitation. In this type of attack single 
holes or pits appear when the metal is in con- 
tact with certain corrosive media; the rest of the 
metal is totally unaffected. 

We know that pinhole corrosion is induced 
or accelerated by severe straining of the metal. 
such as a deep scratch or the cold shearing of 
the edges, but besides this the reason for this 
local selective attack is not yet known. Fortu- 
nately, alloys of chromium-nickel-iron with 
molybdenum offer a 
much greater resistance 
to it than any other 
stainless alloy and the 
properties and charac- 
teristics of this modified 
type should be 
described. 

Unless the concen- 
tration of chromium 
and nickel is adjusted 
in the alloy, the addi- 
tion of molybdenum 
promotes the formation 
of ferrite in the micro- 
structure and the alloy 
becomes atwo-phase 
alloy, with austenite 
however greatly pre- 
dominating. In such an 
analysis as nickel about 
12 to 14% and chro- 
mium about 17%, for- 
mation of ferrife is 


suppressed and the alloy is austenite throug))- 
out even after the addition of 3% molybdenum. 
Consequently “molybdenum bearing alloys.” 
as they are generally called, can show grada- 
tion in microstructure depending primarily 
upon the composition and, to some extent, 
upon heat treatment. Since the properties of 
the austenitic and ferritic phases are different, 
at both room and high temperatures, it is 
logical that the mechanical properties of the 
molybdenum stainless alloys will vary. Com- 
parison of properties in the cold-worked con- 
dition is shown in the adjoining table for sheet 
of the same initial tensile strength in the 
annealed condition. 

For the reasons of fabrication, alloys with 
molybdenum usually contain, as has been stated, 
higher nickel percentages than corresponding 
alloys without it. The response to cold work- 
ing of such alloys will be different; alloys 
bearing molybdenum can be subjected to bend- 
ing, forming, and other fabrication processes. 
Their properties, of course, are dependent upon 
composition, but, as a general rule, these alloys 
are not as pliable and ductile as corresponding 
alloys without molybdenum. 

As in the Cr-Ni-Fe stainless steels the aus- 
tenite of alloys with molybdenum is not a 
stable phase in a true sense of phase equilib- 
rium. Consequently the latter alloys also have 
a range of temperature (corresponding, we 


Example of Pinhole Corrosion in Sheet of 18-8 Stainless Steel. 
Attack has favored sheared edges and punch marks, but is 


nevertheless virulent at numerous spots on the original surface 
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elieve, to that of the alloys without molyb- 
Jenum) within which, given sufficient time, 
‘hey undergo damaging structural and phase 


‘hanges. 
While such changes can be followed by 


Tensile Properties of 18-8 Mo Sheet 


TENSILE STRENGTH | ELONGATION 
18-8 18-8 Mo 18-8 18-8 Mo 
Annealed 94,350 | 95,770! 70 | 58 
Cold worked | | 
10% | 107,200 | 112,300 | 45 35 
20% | 127,000 | 128,000 | 30 18 
30% | 143,800 | 148,800 16 10 
40% 164,900 | 163,900 | 9 5 
50% 175,500 | 170,500 | 5 4 
60% 194,500 | 183,500 | 3 3 
Analysis: C 0.08 | 0.06 | 
Cr | 18.10 18.17 
Ni 9.08 | 9.77 | 
Mo — 3.09 


microscopic observations, they also affect the 
corrosion, and can be ascertained by the nitric 
acid test, as is shown in the second table for 
two representative alloys. 

From these results it would 
appear that the maximum corrosion 
resistance is secured by heating to 
within the range 1850 to 2100° F. 


as the plate metal. One does not show any cor- 
rosion, either in the weld or areas adjacent to the 
weld, while the other does. Thus the influence 
of analysis on corrosion properties after welding 
(in this gage material) becomes obvious. 

Merely for the purpose of comparison, a third 
view is shown, giving the appearance of colum- 
bium bearing material of much heavier gage and 
identically welded and treated; the very severe 
corrosion medium has done little more than etch 
the surface slightly to accentuate tool marks and 
bring out the ripples and grain structure in the 
welds. 

Experimental work and experience permit us 
to make the statement that while the high chro- 
mium-nickel alloys containing considerable 
molybdenum are not entirely free from the 
phenomenon of carbide precipitation, nevertheless 
they are not as susceptible to it as alloys of 
similar analysis without molybdenum. A direct 
comparison appears to be difficult, because the 
concentrations of chromium and nickel the 
commercial alloys with and without molybdenum 
are not strictly comparable. Whenever the use 
of the alloys containing molybdenum is justified 
for construction purposes by their increased resis- 
tance to pinhole corrosion, such factors as_ the 


Corrosion Resistance of 18-12 Mo Sheet 


Inches penetration per month 


based on three 48-hr. periods in boiling HNO.,. 


and rapid cooling. Data are not | 
yet available showing the tempera- PreLiminany Hear TREATMENT | ALLOY No. 1° ALLoy No, 2° 
ture at which disintegration — or 
rather. relative loss of c . A (2100° F., 15 min., water quenched | 0.0035 0.0037 
resistance — proceeds with maxi- C |1200° F., 1 hr., air cooled 0.092 to 0.174 |0.105 to 0.114 
mum rapidity. The temperature of C followed by A 0.0033 0.0034 
1200° F.. quite effective as is seen D /|1500° F., 1 hr., water quenched — | 0.0250 0.0170 
|1850° F., 1 hr., water quenched 0.0038 0.0036 
was selected for the purpose of com- 
parison with alloys without molyb- *Analysis: Carbon 0.07 0.07 
denum. Chromium 18.90 17.50 
Short time heating within cer- Nickel 11.40 12.40 
Molybdenum 3.50 2.90 


tain range of temperatures (as in 

welding) may or may not affect the 

metal by causing carbide precipitation depend- 
ing upon the composition of the metal, thick- 
ness, and other factors discussed in the August 
issue of Merat Progress. The appearance of 
the metal in the weld and in the areas adjacent 
to the weld after being subjected to the action 
of corrosive solution composed of nitric and 
hydrofluoric acid is shown in the views on the 
next page representing. two plates of the same 
thickness but of different analysis. Both were 
welded with welding rod of the same analysis 


methods of construction, the gage of the metal, 
the possibility of annealing treatment, the 
nature of corrosive agents and the actual condi- 
tions of service, including the possible varia- 
tions, should be most carefully considered. 

In order to maintain resistance to pinholing 
and yet to minimize the susceptibility to cor- 
rosion induced by the precipitation of carbides, 
a further modification in the analysis, namely 
adding columbium to molybdenum bearing 
alloys, is receiving attention. While the stabiliz- 
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19% Cr, 12% Ni, 3% Mo Alloy (Left) and 17.5% Cr, 12% Ni, 3% Mo Alloy 
(Right), Welded With Rods of Respective Composition, Appearance after four 
30-min, periods of immersion in solution of 10% HNO, plus 4% HF at 140° F. 


ing effect of columbium is quite 


thorough testing of the alloys and studies of 


their characteristics are not yet completed. It 
is too early to consider this modified alloy as a 
commercial product. 

Several other modified alloys of the aus- 
None of 


them are free from carbide precipitation, and 


tenitic type should also be mentioned. 
the previous discussion of this phenomenon 
applies in full measure to the alloys now to be 
mentioned. 

Additions of silicon are recommended when 
increased resistance to high temperature oxida- 
tion is required. Usually the alloy contains up 
to 3°~ silicon, the beneficial influence of which 
asserts itself at temperatures above 1650° F. 
A. M. Borzdyka in a book in Russian on the heat 
resisting steels (1937) compares plain 18-8 with 
the same containing 2.5‘~ silicon, and arrives at 
the conclusion that the steel with silicon loses 
only half the weight that plain 18-8 loses at 
1800 F., and only one-tenth as much at 2000° F. 
He recommends an alloy containing 0.10. to 
0.15°° carbon, 25° chromium, 20% nickel, and 
2.5% silicon. Additions of aluminum are said 
to improve its oxidation resistance still more. 

(“Said to improve” was deliberately 
phrased, because a study of the available experi- 
mental data shows a vast influence of the nature 
of the atmosphere and the necessity for a proper 
balance between the silicon and aluminum in 
the analysis. It should also be realized that 
aluminum has a detrimental effect on mechani- 
cal properties at high temperatures, consider- 
ably lowering the ductility.) 

According to foreign investigators 0.5 to 


2.0°¢ molybdenum in chromium-nickel alloys 


evident, 


improves the oxidation resistance within § the 
range of temperatures from 1650 to 1900° PF, 
Tungsten additions do not appear to make much 
difference; both elements, however, are recom- 
mended, mostly again on the continent, for 
increasing strength at high temperatures as 
measured by short time tests and creep tests. 

It is also suggested by European investiga- 
tors that the composition of the alloys may be 
reversed in nickel and chromium. Of these 
modifications a large group has been investi- 
gated and an alloy containing 13°¢ chromium, 
26° nickel and 3°% tungsten is offered as pos- 
sessing the pre-requisites for high temperature 
service. This is suggestive of the American 
alloys (say 38% nickel, 18% 
castings to resist relatively high temperatures, 


chromium) for 
as in mechanisms for heat treating furnaces. 
Chromium-Manganese Steels 
countries the substitution of 
manganese for nickel has received much atten- 


tion, mostly because of economic considerations. 
At present, 


In several 


steels are 
tentatively divided into the following groups. 
1. (a) 15 to 20% Cr and 8 to 12% Mn. 
(b) Same with additions of Ni, Mo or W. 
2. 25 to 30% Cr and 12 to 16% Mn. 
Work in this country as well as abroad has 


chromium-manganese 


shown that additions of manganese to alloys 
with, let us say, 18° chromium must be con- 
siderably higher than similar additions of nicke! 
in order to have the alloy composed of only on 
phase, austenite. A striking illustration will b 
provided by the comparison of these alloys 


29% Cr, 12% Ni, 0.10% C is completely aus 
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7,-In. Plate of 18-8 Stabilized With Columbium After 


Cross Welding With Rod of Same Composition and 
Exposed Four 30-Min, Periods in 10% HNO, and 4% HF 
at 140° F, Composition: C 0.055, Cr 18.73, Ni 9.74, Cb 0.68 


tenitic; 25.9 Cr, 11.2% Mn, 0.15% C is ferritic, 
although a compound (Fe,Mn) Cr may also be 
present in small amounts. Further, the “stabil- 
itv” of austenite in chromium-manganese steels 
is of a lesser degree. For the presence of aus- 
tenite only, one must (a) increase considerably 
the manganese or carbon content, (b) decrease 
the chromium content, (c) effect partial substi- 
tution of nickel for manganese. 

Perhaps it should be mentioned that the 
single phase, austenitic structure is desired 
because of the mechanical properties and char- 
acteristics of the alloys. Such steels are readily 
cold worked and because of the above men- 
tioned “lesser stability” show considerable 
increase in tensile strength even after moderate 
amount of cold work. As in the case of chro- 
mium-nickel steels, various properties of chro- 
mium-manganese steels at room temperature 
are much dependent upon the analysis. Unless 
the manganese content is high the steels are not 
structurally austenitic and upon annealing from 
various temperatures show a brittleness that is 
identified by reduced impact values. 

It is believed that chromium-manganese 
austenitic steels have generally somewhat 
higher strength at high temperatures than the 
chromium-nickel austenitic steels. Recently 
published work seems to show that high strength 
at temperatures up to 1800° F. is obtained by 
adding from 2 to 2.5% of either molybdenum 
or tungsten. In fact it is definitely claimed that 
high temperature properties of the alloys with 


the general composition Cr 15 to 16°, Mn 10 
to 127, W 2 to 2.5% are superior to those of 
the chromium-nickel austenitic group with or 
without similar additions of tungsten. 
Resistance to corrosion by various chemi- 
cals at room or at elevated temperatures is 
not as good as that of chromium-nickel steels, 
as has been proven by laboratory tests. This 
does not deny that the chromium-manganese 
steels are useful for certain applications 
where economic considerations are of pri- 
mary importance. In America, where such 
natural or artificial shortages of nickel do not 
exist, the substitution of manganese for nickel 
does not appear warranted. 
Chromium-manganese steels are suscep- 
tible to carbide precipitation within about the 
same temperature range as its prototypes. 
Hence it is imperative to remember the pre- 
cautions which were discussed in connection 
with welding or high temperature use. 
Resistance to scaling or oxidation at 
high temperatures is less than that of the chro- 
mium-nickel steels, especially if the latter are 
modified by the additions of silicon, This is 
clearly shown by the curves below represent- 
ing experiments by Schmidt and Legat. In fact 
the proponents of chromium-manganese steels 
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Comparative Oxidation Losses of Cr-Ni, 
Cr-Ni-Si, and Cr-Mn Steels After 72 Hr. 
Exposure to Air at Given Temperatures 
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do not recommend their use for continuous serv- 
ice at temperatures higher than 1500° F., but 
urge their consideration at lower temperatures, 
primarily because of their strength when heated 
and their resistance to sulphurous gases. 


Conditions Required for Permanency 


Reverting now to the idea expressed at the 
outset, the reader is again cautioned against 
indiscriminate expectations when the use of 
“stainless, corrosion resisting,” and 
“heat resisting” is contemplated. It is of course 
understood that no alloy exists which is equally 
resistant to any and all corrosive media and 


66 


rustless, 


under any and all conditions. 

Whoever first coined the word “stain- 

less” was, without question, an enthusiast 

- justifiably one, because the relative resistance 
to corrosion or oxidation is so vastly improved 
as to inspire one to enthusiasm. The word “rela- 
tive” applies not only to the comparison between 
stainless steel and, let us say, iron or aluminium 
or brass, but also to the effect of various cor- 
rosive media on the stainless alloys them- 
selves. To assess this one aspect of the alloys, 
both by research and in practical applications, 
is a truly enormous task. A vast amount of data 
is now available upon request; a vast amount is 
vet to be determined. In evaluating such data 
it is imperative to take into consideration every 
factor that may influence corrosion, or resist- 
ance to corrosion, one way or the other. These 
factors are not always appreciated, because in 
most cases it is very difficult to estimate them. 

A happily coined word “environment” 
embraces the sum total of the factors influencing 
resistance to corrosion or the rate of corrosion. 
Among the main influences of environment the 
following should be listed: 

1. Nature of the corroding media. 

2. Concentration of the corroding media. In 
general an increase in concentration increases the 
rate of attack, often up to some maximum value 
after which the attack is diminished. If the change 
in concentration produces some other changes in 
the corrosive media (its oxygen content, for 
example) the progress of corrosion may not follow 
the above simple rule. 

3. Temperature of the corroding media. 
Increase in temperature usually intensifies the 
attack, but sometimes, for example, the products of 
corrosion become more soluble in the corroding 
media, and different results may be encountered. 

4. Hydrogen ion concentration (pH value) of 
corroding media usually increases the rate of attack. 


In certain experiments with stainless steels, keeping 
the pH value above 7 (the value for a neutral 
solution) resulted in immunity to corrosion. 

5. Oxygen concentration. An increase in oxy- 
gen content may either increase or decrease the 
probability and rate of attack, depending upon 
other circumstances present. 

6. If liquid and vapor phases are present, the 
alloys may be immune in the liquid and attacked 
by the vapors. Even slight changes in the con- 
centration of vapor may shift the metal from 
“passive” (unattacked) to “active” (attacked). A 
known special case is the one when SO, in the 
presence of air, has little effect upon the metal at 
high temperatures, yet severely attacks it if the 
vapor is allowed to condense. 

7. Stagnant or agitated corroding media have, 
sometimes, different rates of attack. 

8. Deposits of products of corrosion cause a 
specific case of localized corrosion, usually attrib- 
uted to the deficiency of oxygen at the point of 
contact — a special case of “contact corrosion.” 

9. Change in conductivity, usually caused by 
changes in concentration or temperature. 

Besides the above the following “conditions 
of environment” should be kept in mind: 

1. Homogeneity of the metal. 

2. Susceptibility of the metal to structural 
alterations upon heat treating. A particular case 
would be carbide precipitation in chromium- 
nickel alloys. 

3. Freedom of the metal from internal stresses. 
Cold working of the material may result, in some 
corrosive media, in (a) increased over-all corrosion, 
(b) loeal or so-called stress-corrosion, and (c) 
intercrystalline corrosion. 

4. Preparation of the surface of the alloy. 

Thus, as was stated at the very beginning 
of this article, it is most important to give due 
consideration first to the proper type of the alloy 
and, second, to all factors that may be altered 
in the actual performance of the commercial 
process. Selection of the alloy should always 
be made with certain factors of safety, so that 
inevitable small changes in temperature or in 
concentration of corrosive agent or some of the 
other enumerated factors will not change the 
metal from “passive” to “active.” In the multi- 
tude of applications, as is attested by the thou- 
sands of tons of stainless alloys annually sold, 
this factor of safety is an inherent characteristic 
of the alloy; that is, unless a radical change in 
service conditions or environment is allowed to 
occur, the anticipated life and performance wil! 
be realized. If it was thought important to lis! 
various factors which may cause unexpected 
difficulties, it is only because one should accep! 
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e wisdom of the adage “to realize danger is 
.e best way to avoid or prevent it.” 

Applications to service at high temperatures 
hould also take into consideration various 
‘portant factors among which are: 

1. The temperature of service. Austenitic 
Jloys are not recommended for service within the 
iemperature range of carbide precipitation (800 to 
(500° F.) unless modified with titanium or colum- 
bium. Straight chromium alloys should be used 
instead, subject to other considerations listed below. 

2. The nature of the hot atmosphere, whether 
oxidizing, reducing, or containing other gases. If, 
for example, sulphur compounds are present in the 
atmosphere, plain chromium alloys should be used. 
Another example is the possibility of carburization 
at high temperatures. 

3. Intermittent or continuous type of service, 
and the manner of cooling in intermittent service. 
This is particularly important if condensation is 
likely to occur. A specific example was already 
considered in the discussion of pinhole type of 
attack. As rough approximations, the scaling 
temperatures of the plain chromium irons in con- 
tinuous service are 1450 to 1500° F. for the 16 to 
20% Cr, 0.12 max. C alloys and 1900 to 2000° F. 
for the 25 to 30% Cr, 0.30 max. C alloys; scaling 
temperatures in discontinuous service are about 
100° higher. For the chromium-nickel alloys 
(0.20% carbon max.) 1600 to 1700° F. represents 
the scaling temperature in continuous service for 
the 18-8 type and 2000 to 2100° for both the 24-12 
and the 25-20 types. 

4. The mechanical characteristics required at 
room temperature after service at high temperature. 
Chromium alloys may develop brittleness to impact 
after having served at high temperatures and then 
cooled; thus they should not be used in cases where 
high resistance to impact is the prerequisite 
mechanical property. 

5. Such characteristics as coefficient of thermal 
expansion. This is particularly important in inter- 
mittent service, but each case should be considered 
separately. In several cases the use of straight 
chromium alloys was imperative. 

6. Mechanical properties (creep) at high tem- 
peratures, the importance of which is self evident. 

The above factors, responsible for the satis- 
fying performance of a chosen alloy under 
contemplated conditions, have been briefly illus- 
trated by appropriate examples. That any such 
example should not be used as an absolute 
criterion will, of course, be realized. For exam- 
ple, a possibility of condensation and its harmful 
effect on metal will obviously be dependent on 
concentration of the corroding compound in the 
gas. It may be necessary to test alloy samples 
under actual conditions of service — even build 


small pilot plants —a practice quite generally 
adopted by important consumers. 

However, the general corrosion character- 
istics of the alloys can be gaged by certain stand- 
ard methods, which allow us not only to 
discover the best condition of a particular alloy 
to resist corrosion, but also to check on the 
processing of metal and methods of construc- 
tion. Among these tests the following are in 
common use: 

1. Boiling concentrated nitric acid, usually car- 
ried out as three or five separate tests, each of 48 
hr. duration. The results are calculated as losses 
in weight and reported as inches penetration per 
unit time. While it was designed to test general 
resistance to corrosion, the method is also used 
to verify the freedom of austenitic alloys from the 
bad effects of precipitated carbides. 

2. Subjecting the alloy, in refluxing condenser, 
to the action of boiling copper sulphate and sul- 
phuric acid of certain concentrations. This is used 
for the purpose of detecting precipitated carbides, 
often in the welded material. 

3. Immersion of samples into solution of 10% 
nitric and 4% hydrofluoric acids either at 140° F. 
or boiling. Different concentrations are sometimes 
used and the length of immersion varies. This is 
used primarily for the purpose of evaluating the 
characteristics of the welded metal. 

4. Immersion in ferric chloride solutions (dif- 
ferent concentrations, at times modified by addi- 
tions of sodium chloride) to judge the resistance 
to pinhole corrosion. 

5. Salt spray for general corrosion resistance. 

These tests vary in severity. Their use and 
especially the evaluation of the results should 
be done in the light of the applications for which 
the alloys are intended. For instance an alloy 
of 25% chromium, 20% nickel, 7% in. thick, 
welded plate, tested in HNO;+-HF acid at 140° F. 
does not show any defect whatever in the area 
adjacent to the weld, yet the same alloy tested 
in the same solution boiling, shows a very slight 
attack a short distance from the weld. To say 
on the strength of the second test that this alloy 
would be unsuitable in applications involving 
comparatively mild corroding media such as 
dilute solutions of nitric, acetic or lactic acids 
would be totally unjustifiable. 


Although this manuscript has been written 
by one man, it represents the combined know!l- 
edge and experience of many men from operat- 
ing, technical and research departments of the 
Allegheny Steel Co. To them the writer wishes to 
offer expressions of his personal appreciation. 
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for resistance to 


By Walter F. Hirsch 
Chief Metellurgist 
Industrial Research Laboratories, | id 


Los Angeles, Cal. 


tional abrasive resistance 
and it was felt that there 
must be applications where 
they could be used to consid- 
erable advantage. 

A systematic research 
was begun to determine the 
effect of changes in composi- 
tion on the physical proper- 
ties of these new alloys. The 
metallographic phases of 
this investigation were con- 


abrasion ducted under the direction 


I. 1931 the attention of Industrial Research 
Laboratories was directed to the unusual 
properties of a species of white iron produced 
from a low grade iron ore. It was considerably 
harder than ordinary white iron and chemical 
analysis disclosed the absence of other metals 
such as tungsten, chromium or molybdenum 
which might ordinarily account for its hardness. 
Further investigation revealed the presence of 
boron unknowingly introduced during the melt- 
ing of the iron by prolonged heating in a plum- 
bago crucible under a heavy cover of borax. 
Under these conditions (as was subsequently 
found by further experimentation) boron is 
readily reduced from the borax and dissolves 
in the iron, the reduction being accomplished by 
carbon and silicon present in the or 
absorbed from the crucible. The resulting alloy 
closely resembles white iron, but exceeds it in 
hardness and is more or less brittle, depending 
on the percentage of carbon and boron present. 

Search through the literature and elsewhere 
disclosed that boron had not been used com- 
mercially in ferrous alloys up to that time and 
was generally regarded as a valueless addition 
which rendered the iron hopelessly brittle when 
added to the extent of 1°. Preliminary tests 
indicated that the iron-boron alloys had excep- 


of Donald S. Clark of the 
faculty of California Insti- 
tute of Technology. This 
research resulted in an alloy, 
now rather extensively used 
for its abrasion resistance. 
The alloy, its method of pro- 
duction, and the resultant 
products are patented, and produced by the 
Industrial Research Laboratories under the 
trade name “Xaloy,” and by Wilcox-Rich, 
licencee for machine and engine parts. The 
trade name “I.R. metal” is used by Oil Well 
Supply Co. and Alford Sales and Service, Ltd., 
licencees for pumps and accessories used in oil 
field equipment. Its composition is usually 
maintained within the following range: Carbon 
2.50 to 3.25°7, boron 0.70 to 1.10, silicon 0.50 
to 1.50°7, manganese 0.50 to 1.25, nickel 3.50 
to 4.50°°, phosphorus max. and sulphur 
0.05°° max. 

In our research the iron-carbon-boron sys- 
tem was first investigated and the useful com- 
mercial limits established. Then the effect of 
several additional elements was determined, 
and nickel was found to have the most benefi- 
cial action when used in moderate percentages. 

The lower curve in the diagram shows the 
effect of nickel additions on the hardness of a 
plain white iron, the composition of which was 
as follows: C 3.20%, Si 0.50, Mn 0.60%, P 
0.05 and S 0.015%. Hardness values in the 
diagram are expressed in terms of diamond 
Brinell hardness and were determined on 2 
Shore monotron. The test pieces were sand cas! 
and air cooled. The base metal had a whi 
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vcture. Additions of nickel resulted in a 
radually increasing amount of graphitization 
using a corresponding drop in the hardness. 
Nickel in higher quantities also aids in the 
formation of martensite and so the hardness 
alues do not drop beyond a certain point. 
The upper curve shows the effect of nickel 
on the hardness of an iron-boron alloy of the 
following composition: C 3.00, B 1.00, Mn 
0.600, Si 0.57%, P 0.050% and S 0.015%. In 
all these experiments, casting conditions and 
cooling of the test specimens were the same. 
fhe remarkable hardening effect of the nickel 
on the iron-boron-carbon alloy is at once seen. 
When boron is added to iron-carbon alloys, 
it effectively prevents graphitization unless the 
silicon is unduly high. As little as 0.25°7 boron 
added to an ordinary gray iron will render it 
white. Boron apparently 


heating and all melting conditions, consistent 
production within narrow limits of chemical 
composition is possible. 

The physical properties are as follows: 


Melting point 1975° F 
Tensile strength 30,000 to 45,000 psi. 
Compressive strength 225,000 psi. 


Transverse strength 37,500 Ib. 

Specific gravity 7.58 

per °F. 

7.5 B.tu. per sq.ft. 
per °F., per ft. 

800 to 950 diamond Brinell, or 
Rockwell C-64 to C-70 


Thermal expansion 
Thermal conductivity 


Hardness 


A series of wear tests was run by Robert B. 
Freeman at the California Institute of Tech- 
nology, a full account of which was given 
in Merat Progress, March 1987. He used a 

small stationary speci- 


enters into combination /300 a men (which could be 
with the cemen tite 1200 | JO accurately weighed for 
greatly increasing its sta- 2 | White /ron with 1% losses) against a rotat- 
bility. If the iron is & 1100 | | | Soren = ing ring, thus inducing 
hyper-eutectic there may § pure sliding friction. 
be some graphitization of > 900} Speed, pressure and 
the pro-eutectic cement- 800 time were accurately 
ite on solidification, but a ae controlled, Testing was 
the remaining cementite & 700 | done in a bath of petro- 
is stable and will not 600 leum distillate, a liquid 
break down even on pro- 500 of low lubricating 
longed annealing at high S | > | | a power, but a coolant as 
temperatures. With nor- 400 | well as a medium to 
mal rates of cooling the § 300 X07 White fron —- + 4 wash away fragments of 
austenite transforms to = 200 et ee abraded materials. 
pearlite. These tests’ indi- 
When 4% nickel is 1005 24 aver 8 10 cated in advance the 


present in such an iron- 
carbon-boron alloy, the 
structure of an air cooled 
piece consists of marten- 
site and cementite as can 
be seen in the micros on page 232. The boron 
overcomes the graphitizing tendency of the 
nickel and restricts the effect of the latter to the 
production of martensite in place of pearlite. 
The commercial nickel-boron iron Xaloy 
can be produced in several ways. It can be made 
either by melting plain iron and adding ferro- 
boron and nickel, or adding a nickel-boron, or 
by the direct reduction of boron into the melt 
(4% nickel-iron) from a thick flux of borax, 
boric acid or other boron compounds. The direct 
reduction process is the one used almost exclu- 
sively by Industrial Research Laboratories. By 
closely controlling the temperature and time of 


% Nicke/ 


High Nickel Is a Softener in White Cast Iron, 
But About 4% Induces Extreme Hardness in a 
Similar Tron Containing About 1% 


findings in later service 
as pump liners, plung- 
ers, bushings and cylin- 
der 
that the new alloy when 
run against itself or against materials formerly 
used (such as nitrided steel, casehardened steel, 
or hardened alloys) had a much lower “wear 


Boron sleeves — namely 


factor” and consequently longer life. 


Method of Lining Tubes 
After an exceptional wear resistance had 


established the next problem was to 


been 
develop means of application. 
point (about 100° F. below eutectic cast iron) 
suggested the possibility of its use in a process, 
previously patented by associated interests, for 
coating steel cylinders, either externally or 


Its low melting 
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internally with another metal of lower melting 

point, forming a well-bonded composite article. 

In carrying out the process a steel or iron 

tube or cylinder of the required size is used and 

one end is sealed by welding in place a head 

or cap. The calculated amount of alloy is then 

introduced in the form of small clean pieces. 

The other end is also sealed, this end containing 

a small central vent. The tube is then placed in 

a furnace and heated to a temperature of 2150 

I. while being slowly rotated. This heating is 

continued until the alloy is completely molten, 

and takes from about 5 to 30 min., depending 

on the size and thickness of the steel tube and 

on the amount of coating to be applied. The 

i tube is then quickly withdrawn from the fur- 

\} nace and placed in a spinning machine and 

rotated at a sufficiently high speed so that the 

molten Xaloy is thrown to the inner wall where 
it solidifies. 

Rotation can be stopped as soon as solidifi- 
cation is complete. Normally the tube is air 
cooled, and is finished in this condition without 
further heat treatment. The average thickness 
of internal alloy is ,;y in., but this can be varied 
from 0.02 to 0.25 in. or even more as desired. 

When cold the ends are cut off with thin 
abrasive wheels. The inside surface may then 
be finish ground or honed to the desired size, 
and for this some very precise special machin- 
ery, both horizontal and vertical, has been con- 
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structed. The untouched surface, as spun, is 
very true as to roundness and straightness, <o 
only a small excess of material need be added 
for finish. This allowance varies from 0.010 (o 
0.050 in. on the diameter depending on the size 
of the cylinder. Removal of this amount of 
stock is sufficient to permit the production of a 
mirror-like surface free from defects. 


Mutual Diffusion in Alloying 


As prepared for lining tubes, the alloy is 
hyper-eutectic in microstructure. In this condi- 
tion it is coarsely crystalline and rather brittle. 
During the heating, wherein the tube virtually 
serves as a melting crucible, a certain amount of 
the steel wall is dissolved. The effect of this is 
to reduce the carbon and boron content to the 
point where the microstructure becomes hypo- 
eutectic, whereupon the fracture is fine grained 
and the texture is such as to have extreme resist- 
ance to abrasion. The coating so applied is 
perfectly bonded to the steel base and will not 
flake off even under extreme deformation. 

A cylinder having a hard surface coating 
applied in this manner has many advantages 
over one treated by the ordinary methods of 
producing a hard case. In the first place the 
wearing surface can be made much thicker than 
is practical by other means. Secondly, the 
hardness of this coating (Cont. on page 278) 


Low Carbon Steel, Above, and Nickel-Boron White 
Iron Below, With Transition Zone (Eutectoid 
Alloy Steel) at the Joint. 


Magnified 200 xX 


Microstructure at 400 Diameters of Intensely 
Hard White Iron Containing 3% Carbon, 4% 
Nickel and 1% Boron. Areas of acicular mar- 
tensile exist in white groundmass of cementite. 
Eutectic (originally cementite and austenite) 
has also transformed to cementite and martensite 
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What Is a Metallic “Surface”? 


ARIS, France — It might appear superfluous 

to put the question: “What is the surface of 
a metal and how may it be characterized?” yet 
it is necessary when one undertakes to study the 
effect of surface condition upon properties of a 
metal. It affects not only properties associated 
with surfaces (optical properties such as reflec- 
tivity, emissivity, diffusibility; photo-electrical 
properties; capillary properties such as surface 
tension, wetting, greasiness; mechanical proper- 
ties such as friction, wear, abrasion, fit; chemi- 
cal properties such as solution potential and cor- 
rosion; catalysis; electrodeposition; contact elec- 
trical resistance) but also affects the mechanical 
properties of a mass of metal, such as elongation 
and yield point, but more especially impact 
brittleness and endurance under cyclic stress. 

The answer to this question will vary 
according to the scale or unit of measure chosen 
to evaluate the dimensions, as follows: 

1. The atomic scale, in which the atomic 
nucleus has significant dimensions and for 
which a convenient unit of measure is the tenth 
of an Angstrom (10°'A or 10°° mm.). 

2. The submicroscopic scale, in which the 
atom, although still of significant dimension, is 
small, and in which the unit may be 100 Ang- 
strom units or 1 hundredth of a micron (10? A 
or 10°, or 10° mm.). 

3. The microscopic scale directly discerni- 
ble to our senses with the instruments at our 
disposal, which goes from the micron (» or 10° 
mm.) to a tenth of a millimeter (10° mm.). 

Each of these domains or scales carries an 
explanation, valid only in that scale, of certain 


phenomena or particular proper- 
ties; the whole constitutes the 
complete definition of a surface. 

1. In the atomic scale, the 
atoms are regularly distributed 
in space according to the crystal- 
line lattice; among them circu- 
lates the immense flux of the free 
or conducting electrons. This 
problem presents two aspects 
the electronic and the atomic. 

Under the electronic aspect, 
the surface of the metal is the 
potential barrier, containing the 
free electrons within as a skin 
holds gas; this potential barrier 
explains the Volta effect that 
when two metals are in contact, one assumes 
the positive and the other the negative electrical 
condition. However, electrons may be made to 
escape by various means, such as applying a 
strong electrical field, by furnishing them with 
heat energy (thermionic effect) or light waves 
(photo-electric effect). With such moving elec- 
trons are associated the Broglie waves, giving 
rise to electronic refraction by the potential 
barrier, a phenomenon brought to light by 
Davisson and Germer. 

Under the atomic aspect, the surface of the 
metal is a region in which the equilibrium of 
atoms close to the outer space is different from 
the equilibrium of the completely surrounded 
interior atoms. This results in distortion of the 
crystalline structure and deformation of the lat- 
tice with decreased density — the atomic bonds 
of the exterior atoms are incompletely saturated, 
affecting two factors: (a) The orientation of the 
layers deposited on the surface of the metal, 
whether metallic layers deposited by electroly- 
sis or oxide layers whose lattice corresponds to 
that of the metal; (b) the adsorption and firm 
retention of foreign atoms. (As an example of 
the latter, in order to secure stable optical, 
thermo-electric and photo-electric properties at 
the surface of a platinum test piece, it must be 
heated for hundreds of hours in a nearly perfect 
vacuum at 1000° C.). The adsorbed atoms dif- 
fuse into the metal atoms, causing fresh distor- 
tion of the crystalline lattice. 

2. In the submicroscopic scale are found 
problems of contact, polishing and greasiness. 

When two surfaces are in “optical contact,” 
the space between them is so small as to assume 
the proportions of the wave length of light, less 
than a hundredth of a micron (107 » or 10° 
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mm.). With such contact, adherence of pol- 
ished surfaces is so great that stresses up to 700 
psi. are necessary to separate them. 

Polishing causes a superficial disturbance 
known as Beilby’s layer; Rayleigh has shown 
optically on polished quartz the existence of a 
more refractive layer (refractive index of 1596 
instead of 1460) to a depth of about one 
twentieth of a wave length (10° mm.) which 
disappears on etching with hydrofluoric acid. 

On the other hand Darbyshire and Dixit, 
French, and other authors have established, by 
electronic diffraction experiments, the existence 
of an amorphous layer about 30 A (10° to 10° 
mm.) thick. According to Bowden and Ridler, 
this can be explained by the high temperature of 
the surfaces during polishing, which may reach 
the melting point. 

Spreading a lubricant over the polished sur- 
face of a metal produces a film formed of ori- 
ented mono-molecular layers, the mutual sliding 
of which explains the phenomenon of greasi- 
ness. Grease films have a thickness of about 
100 A (10° mm.). 

3. Finally, in the microscopic scale, per- 
ceptible to the senses, the surface of the metal 
may be considered under three aspects — geo- 
metric, physical, chemical. 

Geometric modifications are those which 
concern the degree of roughness or polish. They 
may be measured by micrographic, mechanical, 
optical, acoustic, pneumatic, or electrical meth- 
ods (see Metrat Progress, June 1934, p. 44); they 
are the result of mechanical preparation of the 
surface (machining) or chemical preparation 
(pickling, etching). 

Physical modifications comprise cold work- 
ing, recrystallization, and quenching, and are 
the result of mechanical or thermal treatment. 

Chemical modifications may be either inten- 
tional (cementation, nitriding) or accidental 
(decarburization) or may result from use or 
from the effects of the atmosphere (oxidation, 
sulphidation, corrosion). 

All these modifications affect the surface 
properties as well as the mechanical properties 
enumerated at the beginning (see also Merat 
Progress, April 1933, p. 51). 

Thus, it can be seen that the surface of a 
metal may be entirely different from the mass 
when considered from all viewpoints and on all 
scales, and that it is of the highest importance to 
study and define it under all its aspects. 

ALBERT PoRTEVIN 
Secretaire Général de la Revue de Métallurgie 


Big-Top Induction Furnaces 
for Clean Melts 


URIN, Italy —Many of the disappointing 

results obtained in European steel melting 
shops using the high frequency, coreless induc- 
tion furnaces may be ascribed to the fact that 
the peculiar thermal conditions under which 
the metal bath is heated did not always receive 
adequate consideration. This often happened 
even where the furnaces were used for simple 
melting processes. It is only too obvious that 
still more serious disappointments occurred 
when such induction furnaces were used for 
refining purposes — where, of course, complex 
chemical and metallurgical processes take place 
in the metal bath. 

At first, the high frequency furnace was 
usually welcomed as a simple return to the 
crucible; it was “the ideal crucible heated from 
inside,” “the furnace where nothing is lost,” 
and was therefore used exactly as a traditional 
crucible furnace. However, further and more 
careful observations showed that the working 
of the new “crucible” had—from the metal- 
lurgical point of view — very few analogies 
with the old. In fact, the only important anal- 
ogy was the fact that in it nothing was lost! 

In some instances the troubles arising from 
non-metallic inclusions, woody transverse frac- 
tures, low elongations, and the defective hard- 
ening of high speed steel, were so serious that 
the new furnaces could produce only steel of 
medium quality, thus changing radically the 
purpose for which they had been adopted. 

A closer study of the thermal and metal- 
lurgical processes taking place in high fre- 
quency furnaces soon eliminated completely 
what might be called the original “crucible 
mentality’, and the real and unique technica! 
and economical advantages of the new fur- 
naces were finally “discovered”. Regulation of 
current intensity during the various stages of a 
heat had the result of eliminating the troubles 
connected with the “skin overheating” when 
this local overheating was controlled during 
the periods when its effects (such as the reac- 
tions on furnace lining and the stirring of the 
bath) were more injurious to the quality of the 
products. 

The result was a complete elimination o! 
the quality troubles which had been exper! 
enced in the beginning. 

In addition to these technical improve 
ments which had fully restored the likeness 0! 
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new furnace with its glorious parent, the 
wible. it was “discovered” somewhat later 
at this new furnace showed remarkable eco- 
mic possibilities. These are due not only to 
ihe practically negligible heat losses of high 
requency furnaces, their very low power con- 
sumption, reduced expenses for maintenance, 
repairs and labor, but especially to the fact 
that, by conveniently combining two or more 
furnaces, it is possible to obtain the best pos- 
sible load factor and the maximum output from 
a given plant for given labor costs. 

Under these conditions, high frequency 
furnaces have been gradually introduced into 
European steel foundries, even for the produc- 
tion of normal castings of medium quality. 
The costs obtained have been so encouraging 
that several large scale experiments are at 
present being conducted in the mass produc- 
tion of large ordinary steel castings. 

It is obvious that in this new field, where 
cheap raw materials must be used, the peculi- 
arity originally claimed as the greatest advan- 
tage of high frequency furnaces — namely, of 
being “a real crucible, where nothing gets lost” 

loses its merits totally. In fact, attempts 
are now being made to modify the design in 
order to obtain good working conditions and 
facilitate the desired reactions between slags 
and metal! 

Among the different types of furnaces for 
this purpose, one designed by Victor Stobie 
of Harrogate, England, seems to have given 
very interesting practical results. Design of 
the Stobie furnace, and of other similar ones, 
is generally based on the following principles: 

1. Keeping the slag layer separated from the 
heated crucible walls. 

2. Increasing the thickness of refractory lin- 
ings where these are subject to the action of slags. 

3. Facilitating repairs of refractory linings in 
the parts exposed to slag corrosion. 

4. Dampening the movements of the metal 
bath, especially at its surface. 

These conditions are fulfilled in the Stobie 
furnace by limiting the induction coil to the 
lower part of the crucible, while the diameter 
of this is increased in its upper part. Results 
obtained seem to be very encouraging. Start- 
ing with a charge of ordinary scrap with 0.6% 
carbon, silicon, 0.7% manganese, 0.05% 
phosphorus and 0.05% sulphur, and working 
vith two successive lime-sand slags and with 
\dditions of iron ore, a well-deoxidized final 
ath can be easily obtained containing 0.03% 


carbon, traces of manganese, 0.02% phos- 
phorus, 0.03% sulphur and 0.20% silicon. 
Other types of furnaces, designed with 
similar general aims in view, are at present 
under experiment. In some of them, special 
attention is paid to the proper control of the 
furnace atmosphere. 
Feperico 
Consulting Engineer; Bessemer Medallist 


Constituents of Steel 


AMBRIDGE, Mass. — In Progress for 

August 1938 Professor Dorn describes mar- 
tensite as a solid solution of carbon in alpha 
iron. It is diflicult to conceive the existence of a 
solid solution so excessively supersaturated as, 
for instance, 0.80°° carbon dissolved in ferrite 
(alpha iron). That such solution does form in 
the quenching bath as the result of the allotropic 
transformation of the solvent is likely, but it 
must be immediately followed by precipitation 
out of solution of carbide particles of submicro- 
scopic dimension (“critical size,” if you wish) 
resulting in great hardness such as we know 
martensite to possess. 

This seems to me to be the most rational 
conception of the nature of martensite. 

Professor Dorn proposes to give the name of 
pearlite to any lamellar structure of iron-carbon 
alloys quite regardless of its carbon content, 
thus severing all relations between pearlite and 
eutectoid composition. In my opinion pearlite 
does not form until eutectoid composition has 
been reached, at least approximately, and that 
in spite of the detection in hypo-eutectoid steel 
under very high magnifications of isolated 
regions exhibiting the structure of pearlite, 
because I believe that it signifies that in those 
regions eutectoid composition has been attained 
through rejection of excess ferrite. Pearlite, a 
eutectoid — that is, a eutectic-like constituent 
is, like all binary eutectics, made up of two com- 
ponents substantially in constant proportions. 

B. L. MeCarthy, on page 149 of the same 
issue, seems to attribute my advocacy of the 
retention of the terms troostite and sorbite to 
my respect for the memory of the men in whose 
honor they were selected. In this he is mistaken. 

I am fully aware of the desirability of dis- 
tinguishing in our language between the 
constituents troostite and sorbite resulting from 
the transformation of austenite and between 
structures to which the same names have been 
given resulting from the reheating (tempering) 
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of martensite. I think, however, that this should 
be done with as little upsetting as possible in 
our present nomenclature — and in view of the 
fact that the terms have been used by several 
generations of students, it seems preferable to 
get over the difficulty by referring to the first 
group as “lamellar” and to the second as 
“granular.” To attach to lamellar troostite and 
to lamellar sorbite the name of pearlite is open 


to serious objections. . 
J ALBERT SAUVEUR 


Professo: Emeritus of Metallurgy 
Harvard University 


“Kindred” and “Foreign” Nuclei 


EOBEN, Germany —It is becoming well 
accepted by metallurgists that all trans- 
formations in metallic systems (melting, solidifi- 
cation, allotropic transformations, precipitation 
of excess constituents) are influenced more or 
less by the action of nuclei. It may not be too 
much to say that the metallurgy of the future 
will concern itself with the smallest of additions, 
and their influence on the kind of inclusions 
normally present and the dispersion thereof. 

In a series of researches undertaken by the 
writer aided by grants from the British Iron and 
Steel Institute (the results of which have been 
published in Carnegie Scholarship Memoirs) a 
clear distinction has been made between two 
kinds of nuclei: 

1. “Kindred” nuclei (or intrinsic nuclei) are 
metallic lattice residues from the stable phases 
existing before the transformation. Such may 
include various addition elements or compounds 
thereof in copper-lead alloys for bearings, or 
undissolved carbides in steels reheated above 
the critical temperature. 

2. “Foreign” nuclei are those usually called 
non-metallic inclusions. While there is some 
question as to whether carbides, nitrides and 
phosphides should be called non-metallic inclu- 
sions along with the usual oxides (see, for 
instance, the discussion of Mahin and Lee’s 
paper in @ Transactions, June 1935) most are 
agreed as to the great practical importance of 
the latter. It must also be emphasized that in 
most cases their effect depends inversely on 
their size; a veritable cloud of sub-microscopic 
particles (“slag clouds,” as I have called them) 
have often a predominating effect. 

Generally speaking, kindred nuclei encour- 
age the formation of the particular lattice to 
which they themselves belong —they have a 
definite inoculating effect. This is also some- 


times caused by non-isomorphous materials, 4s 
pointed out by Portevin in Metat Progress for 
January 1938, but the present writer believes 
that this effect is a comparatively weak one. 

Consideration of available experimental 
facts makes it clear that every transformation 
may be influenced by both kinds of nuclei. 

Take as an example the grain growth 
characteristics of a plain carbon steel of hypo- 
eutectoid composition, to which was added a 
little aluminum during the last of the refining 
period in the furnace. When such a steel, in 
the form of a hot rolled, annealed bar, is 
reheated to above the critical point, there can 
exist two kinds of kindred nuclei (traces of 
alpha iron — probably very few — and undis- 
solved particles of carbide). Furthermore, there 
will be present a multitude of foreign nuclei, 
depending on the steel making practice, and 
these will include more or less pure oxide par- 
ticles such as Al.O,, FeO, MnO and SiO., and 
simple and complex silicates and other mixtures 
of these oxides. This cloud of particles not only 
has an influence on the number of crystals 
of gamma iron which form (austenite grain 
size) but also on the “grain size” when it is 
cooled without heating much above the critical. 

If the temperature rises higher into the 
region where gamma iron is stable, both kindred 
inclusions and the finest of the foreign inclu- 
sions will be dissolved in the gamma matrix. 
This reduction in the number of nuclei has a 
paramount influence on the grain growth char- 
acteristics of the austenite, and of course on 
the later transformations during cooling. 

Considerable discussion has occurred in 
America, where the subject is given most impor- 
tance, as to the specific action of aluminum, the 
element ordinarily relied upon to control grain 
size. It is my opinion that not enough is yet 
known to decide this point. Aluminum can exist 
in the steel as dissolved atoms of metal, or if 
can form alumina (AI.O;) either pure or joined 
with other oxides. The metal in solution may 
act as a stabilizer of an effective slag cloud, or 
influence the solubility of the carbides (or even 
of the foreign nuclei) in the austenite. 

In any event, it is worth repeating that both 
kinds of nuclei, kindred and foreign, be consid- 
ered when studying metallurgical transforma- 
tions. Only in rare cases can it be established 
that only one kind is present, and then only 
under the most precisely controlled experi- 


mental conditions. RoLanp MitscHE 


Professor, Leoben School of Mine: 
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for 
heat treating large 


diesel parts 


A COMPLETE heat treating equipment for 
hardening diesel engine cylinder heads made of 
aluminum alloy has recently been purchased 
by Machinoimport for shipment to the Soviet 
Union. A general drawing of the device as 
designed and built by Salem Engineering Co is 
shown on the next page. It consists of a hard- 
ening furnace, and an aging furnace, side by 
side and is arranged with electrical devices 
for automatic transfer of the material through 
the hardening furnace, the quenching opera- 
lion, and the aging furnace. 

As shown, the hardening furnace chamber 
is approximately 45 ft. long and 6 ft. 6 in. wide. 
The aluminum alloy castings or forgings are 
conveyed through the hardening furnace on two 
rows of trays. The aging furnace chamber has 
the same cross-sectional area, and is approxi- 
mately 16 ft. long. The material is likewise 
conveyed through this furnace in two rows and 
on the same trays on which it entered the 
hardening furnace. 

The furnaces have production capacity for 
approximately 320 Ib. of aluminum alloy parts 
per hr., heated to a temperature of from 975 
to 1110° F. (520 to 600° C.). The reason for 
he difference in the lengths of the furnaces 
s the different time required in the heating 


By J. H. Loux 


Salem Engineerin } Co 
Salem, Ohio 


chambers; a long soak for 
solution treatment is fol- 
lowed by a relatively short 
aging at the proper tempera- 
ture to precipitate the hard- 
ening constituents. 

Production of 320 lb. per 
hr. is based on loading two 
diesel engine cylinder heads, 
weighing approximately 35 
kg., on each tray, and four 
of these are delivered each 
hour, which means that two 
trays are introduced into the 
furnace at the charging end 
and two trays withdrawn 
from the discharge end each 
hour. Time in the hardening 
furnace is approximately 17 
hr. Aging requires approxi- 
mately 6 hr. at 600° F. (320 
C.). Total time in process 
for cylinder head alloys is therefore 24 hr. 

At the discharge end of the hardening fur- 
nace a combination spray and immersion 
quench is located. This provides for either 
type of cooling, depending on the metallurgical 
requirements. This auxiliary mechanism is also 
arranged for automatic operation, 

After the operator in charge of the furnace 
has loaded a pair of trays in front of the 
pusher-head at the charging end of the harden- 
ing furnace, he does not even need to push a 
button, for all further operations are automati- 
cally controlled. He cannot hurry the metal 
through, for the time in the furnace is con- 
trolled by a timer set for predetermined inter- 
vals of operation— which in this case is 
approximately once every 60 min. 

When the timer makes contact at the proper 
moment, the following operations occur in the 
sequence as described. All motions are inter- 
locked, so that in case of failure of any part, 
the entire equipment comes to a stop. 

1. Assuming the furnace is loaded with 
material, the first operation is to remove the 
two trays of heated alloy at the discharge end 
of the hardening furnace. The first contact of 
the timer actuates the mechanism which opens 
the discharge door of the hardening furnace. 
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When the door has reached the open position, 
it starts the mechanism for driving the rolls 
that propel the two trays nearest the discharge 
out onto the quench platform. When the trays 
are clear, they cause the door to close by making 
a contact, at which time the water in the spray 
quench is automatically turned on and_ the 
driven rolls in the hardening furnace come to 
rest. The charge may then be spray quenched 
or, if another setting is made, the trays and the 
quenching table will be submerged in the tank 
for a predetermined interval, ranging from 2 
to 30 min. 

2. When the discharge door is closed, the 
charging door of the furnace opens automati- 
‘ally and when fully open it actuates the pusher, 
and the two trays of fresh material are pushed 
into the heating chamber. At the same time all 
trays in the hardening furnace chamber are 
advanced 30 in. by being pushed ahead of the 
new trays coming in. 


Furnace for Quenching and Aging Large Diesel 
Parts of Aluminum Alloy Is Completely Automatic. 
Operator merely needs to unload finished work, 
move emply tray to loading platform, and load 
empty tray. Capacity is about 4 tons per 24 hr. 


Unload—"| 


| 


3. When the pusher-head has reached its 
inmost position, contact is made causing it t 
return to its original position, when anothe; 
contact closes the charging door. It will ly 
noted that at no time are both doors open; this 
avoids undue cooling by cold drafts. 

1. The two trays in the spray quench or iy 
the submerged quench have, at the end of th 
predetermined quenching cycle, been automat. 
ically raised to the level of the cross pusher 

5. The cross pusher is then actuated, trans- 
ferring trays to directly in front of the charging 
door of the aging furnace. 

6. Trays reaching this point actuate a 
mechanism to open the charging door of the 
aging furnace. When this door has reached 
the open position, it makes a contact which 
starts a pusher and moves the two trays into the 


aging furnace. 

7. When the pusher has reached its inmost 
position, it also makes a contact returning it 
to its original position, whereupon a_ contact 
closes the charging door. 

8. As the two trays of quenched materia! 


| Motor- 


Metal Progress; Page 238 


=— | 
ie 0a Ro//s | Hil 
—+ /rays Hardening Furnade ly | 
| | 
\Id/ing 
| Il = 
45 » 7ransfer 
car 
Plan 
in / / | 
loading furnace | Resistors 30 Spray | 
| Quench | | 
Q 
Sectional Elevation of Hardening Furnace Tank 


i, 
‘ 
| 
| 
| SS Aging \Furnace || | | 


propelled into the aging furnace, the trays 
eady in this furnace are advanced 30 in, by 
ng pushed ahead of the incoming material. 

4. The aging furnace discharge door then 

ens and as it opens, it lowers the stop which 
olds the last two trays of material on the 
clined outgoing discharge rollers. 

10. Released trays of material then move 
down the gravity rollers, as indicated by “idling 
rollers” in the drawing, being stopped at a point 
:djacent to the charging end of the hardening 
furnace. 

11. As the trays clear the discharge door, 
it automatically is closed by a contact made by 
the advancing tray. 

Quenched and aged material is then 
removed from these trays by the operator, who 
lifts the light trays to position in front of the 
pusher-head for the hardening furnace, and 
they are then ready to make another round trip. 

Power input of the hardening furnace is 
a maximum of 150 kw., and that of the aging 
furnace is 40 kw. Both furnaces are of the 
resistance type and the heat is distributed 
through loops of alloy heating elements. These 
heating elements are cast of 35 nickel, 14 chro- 
mium, 50 iron. They provide a large area of 
heat distributing surface directed toward the 
charge in the furnace; the high grade alloy 
operating at a relatively low temperature will 
assure a long life. 

Heating elements are hung from the furnace 
roof and laid between piers on the furnace bot- 
tom underneath the charge, thus providing a 
uniform source of heat from both above and 
below. Although it would have been easy to 
install fans in this equipment for circulating the 
hot air, the temperature of the hardening fur- 
nace (which may reach 1100° F. or 600° C.) is 
high enough to justify the use of radiation alone. 
Our experiments indicate that at approximately 
S00° F, the speed of heat transfer from resistor 
to work is approximately the same for convec- 
tion heating and for radiation. Above this, 
radiation has a progressively greater advantage 
in speed of heating. Since the grids could be 
placed directly above and below the work and in 
view of the first cost of motor-fans and expense 
of operation and maintenance, the decision was 
made to heat by radiation alone, even in the 
aging furnace. 

Heating elements in the hardening furnace 
ire divided into three control zones. The first 
ecupies a space of approximately 11 ft. adja- 
ent to the charging end, and is powered with 


62 kw. It is in this zone that much faster heat- 
ing takes place, due to the cold material entering 
the furnace. The second zone occupies approxi- 
mately 30 ft. of chamber length and is powered 
with 78 kw. The third zone is narrow 
approximately 3 ft. near the discharge door 
on account of the abnormal losses through the 
discharge door. This zone is powered with 
approximately 16 kw. 

Each heating zone is automatically and 
separately controlled by means of a_poten- 
tiometer type temperature controller which, in 
addition to keeping the temperature within any 
predetermined range, draws a record of the 
temperature so that a complete history of the 
heat treatment is available. 

Electric current is supplied to the three 
zones by two Scott-connected transformers, 
arranged to take current from a 3-phase, 220- 
volt, 50-cyvcle line. Secondaries of the trans- 
formers are provided with the necessary 
variable voltage taps, to adjust the power input 
into the various zones and the whole furnace. 
In other words, if the furnace is being operated 
at 50° capacity, then by proper utilization of 
the radial switches, the power input can be 
adjusted to approximate the requirements of 
the furnace. This results in decreasing the 
power demand and permits the furnace to 
operate with a better load factor. 

Current is supplied to the resistors at low 
voltage because of the large cross-section of the 
heating elements. One principle of design is 
that by providing a large area of surface for 
heat distribution there is no large temperature 
difference between the heating element and the 
work when it is at temperature. This assures 
closer uniformity than if resistors operated at a 
higher temperature. In other words, the dis- 
tribution of heat within the furnace is a function 
of the area of heat distributing surface. Use of 
the specially shaped, cast sections provides 
five to six times more heat radiating surface 
directed toward the charge than can be obtained 
with ribbon resistors. 

Operation of resistor furnace and its uni- 
formity in output can be benefited if workmen 
in charge will carefully adjust the power input 
into the various zones to the actual heat require- 
ments (as nearly as possible). For instance, if 
heating elements requiring only 50 kw. are sub- 
jected to a 100-kw. load, the element will get 
much hotter before the automatic control couple 
shuts it off, and there will be a considerable 
drift past the desired temperature. Further, the 
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waste of operating at overload is quite apparent, 
for it increases the demand, and power charges 
are calculated on the basis of demand or con- 
nected load. The higher the load factor and 
power factor, the lower the ultimate cost of 
power for the operation. 

Resistance furnaces operate at a power fac- 
tor of better than 95‘:, and full use of the 
switching equipment installed with such a unit 
as this one will improve the load factor and 
therefore lower the cost of heat. 

These furnaces are enclosed in steel shells, 
amply reinforced by structural shapes, and are 
lined with light weight refractory firebrick. 
The hardening furnace is backed up with insu- 
lating brick. 

The hearth of the hardening furnace con- 
sists of a series of cast roller rails made of 18-8 
nickel-chromium steel. Other rails and rollers 
on the spray quench, transfer, aging furnace and 
extension table are of gray iron, they either 
being heated but moderately or not at all. Roller 
hearths reduce the force required to push trays 
through the furnace; therefore lighter trays may 
be used than though sliding friction had to be 
overcome under the string of loaded trays. 

Trays themselves are very simply made of 
mild carbon steel. A piece of 3x3x°%4 in. angle is 
properly notched on one leg, bent into a 30-in. 
square rectangle and all joints welded. Across 
the bottom are welded two 3-in. channels, 
flanges down and flared slightly at ends to 
form the riding track. Four *,x',-in. bars are 
then welded crosswise to form bottom. slats, 
and the bottom then closed by a square piece 
of wire screen (0.192-in. wire, °s-in. mesh). 

This type of tray will withstand the moder- 
ate temperatures in the hardening furnace, and 
can be readily repaired or replaced. It weighs 
118 lb. The open construction allows the maxi- 
mum area for radiation from the heating ele- 
ments placed on the hearth of the furnace. 

These furnaces have been located side by 
side to provide a common point for receipt and 
delivery of work. One workman can easily 
load and unload the furnace, return the trays to 
the hardening furnace, and still have the most 
of his time available for other duties. 

As is the case with most modern produc- 
tion equipment, these furnaces are especially 
designed for one particular operation. The 
entire unit is an assemblage of well known 
methods for heating uniformly and _ auto- 
matically controlling the operation. This in 
turn assures uniform quality in the product. 


Reflections on Rupture 
sy Pp. W. Bridqman 


Abstract from Journal of Applied Physics, 
August 1938, p. 517 


INCE rupture of solid materials almost always 

follows the application of too great loads, w 
have acquired an instinctive feeling that the “cause’ 
of the rupture is the application of an overpowering 
stress in a direction properly related to the plan 
of rupture. This intuitive concept is worthy of 
critical analysis. 

All through my high pressure experimenting | 
have been bothered by fractures that occurred dur- 
ing the release of pressure. I have also made many 
attempts to form coherent bodies by compressing 
powdered material in a die, and there are many 
substances which invariably fall apart, on removya! 
of the mold, into disks, sometimes very thin, per- 
pendicular to the axis. Such phenomena are 
similar to results of experiments by Griggs, who 
compressed a limestone block, at the same time 
submitting the mass to very high hydrostatic pres- 
sure. This induced considerable plastic flow in this 
ordinarily brittle material, and when the compres- 
sive load was released before failure and then the 
hydrostatic pressure released, the block would rup- 
ture into plates along planes perpendicular to the 
original direction of compression. 

Now let us look a little more carefully at what 
is involved in the idea of a deformation under 
forces acting on a body, forces which lead to event- 
ual rupture. 

Under normal conditions, every atom in the 
solid is in a stable force field, that is, the net force 
called into play when that atom is displaced is in 
such a direction to restore it to its position ol 
equilibrium. Now apply a compressive load in one 
direction. ‘The body shortens in the direction of 
the load, because only in this way can the outer 
layer of atoms in the face on which the load acts 
receive from the next deeper layer of atoms the 
repulsive support necessary to balance the actions 
on the external face, and the next deeper layer from 
the next, and so on. But under this loading there 
is also a change in transverse spacing of atoms, 
which separate or approach depending on their 
mutual forces, whether attractive or repulsive. 

Analysis indicates that there is no component 
of stress acting in the direction of this transverse 
change of dimensions, and this is important because 
it violates the intuitive demand for a stress com- 
ponent in the direction of movements to an eventual! 
fracture — that is, for a stress which shall “make” 
the fracture occur. 

Returning to the atomic movements in a bos 
under load, the effect of an external force is ‘0 

cause the atoms to find new (Cont. on page 
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shown at the bottom of the 
page. The unusually high 
phosphorus content of the 

results in high 


basic iron 
F L t | L; lime charges and large slag 


im practice and 


im theory 


_ groups of papers presented at the 
May 1938 meeting of the British Iron and 
Steel Institute cover steel making operations and 
steel making principles in great detail. There 
are six groups dealing with operations in differ- 
ent districts, one paper correlating openhearth 
data from numerous plants, and one paper on 
the application of physical chemistry to steel 
making. In each district-paper metallurgical 
considerations involving local problems are pre- 
sented. Furnace operators and metallurgists 
would all do well to have a copy of the papers 
of this symposium, as there is a wealth of 
information regarding British openhearth and 
steel making practices. 

The paper on the correlation of practice is 
full of valuable statistics. One of the most note- 
worthy points is the wide variation in character- 
istics of different plants. Furnaces range from 
29 to 270 tons (basic) and 40 to 115 tons (acid) 
in capacity. Tons per hour range from 3.5 to 
14.2 (basic) and 2.4 to 6.0 (acid). Fuel consump- 
tion falls between 355 and 590 lb. of coal per 
ton for basic (450 and 700 for acid) with pro- 
ducer gas being the predominant fuel. 

Although the pig iron varies in composition 
1 various districts, average compositions are 


ov of Symposium on Steel Making at May Meeting, British Iron & Steel Institute 


volumes. The limestone 
equivalent in the charge runs 
as high as 516 lb. per ton 
with a fair average being 
about 325 lb. Slag volumes 
are correspondingly high, 
ranging from 10 to 25%. 
Such high lime charges 
and high slag volumes neces- 
sarily result in low tons per 
hour and high fuel in the 
basic process. Phosphorus, 
however, is utilized as a by- 
product, since the slag, con- 
taining from 6 to 17% P.Os, 
is used for fertilizer. Heats 
must be worked with a minimum of fluorspar, 
as this flux is detrimental to the citrate solu- 
bility of the slag, but fortunately the high 
phosphorus slags are quite fluid. The slag is 
gradually made limey to avoid too heavy a slag 
at any stage of the operations. 
With the high phosphorus metal low silicon 
is important; therefore most mixers are “active” 
-that is, they are heated units used as pre- 
liminary work vessels wherein iron ore and lime 
are charged in order to eliminate silicon. Exam- 
ples are 1.16% Si entering mixer, 0.50°% leaving; 
0.80% entering, 0.30° leaving; 0.72% entering, 
0.32% leaving; 0.99% entering, 0.33° leaving. 
This enables a low silica slag to be carried in the 
openhearth and easy phosphorus elimination. 


In each paper the importance of proper 


“pit-side” operations receives merited attention. 


Steel Making Irons Used in England 


ELEMENT | For Basic STEEL | For Acip STEEL 
Carbon 3.60 | 3.80 
Manganese | 1.00 | 0.40 to 2.00 
Phosphorus | 1.30 | 0.023 to 0.060 
Sulphur 0.06 0.018 to 0.060 
Silicon | 0.60 | 2.20 
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Cleanliness is stressed time and again, and it is 
the general belief that a large number of ingot 
defects originate in poor pit practice. A great 
deal of work is being carried out on quality of 
refractories for bottom pouring, and ladle and 
nozzle brick. 

Two definite opinions are expressed as to 
finishing conditions in acid openhearth steel: 
(1) The heat should be finished with a slag 
which allows silicon to be picked up from the 
slag and banks, and (2) the heat should be 
deoxidized with silicon and manganese. Dis- 
cussion on these points is reminiscent of discus- 
sions before the @. 

Slag control is being studied carefully to 
determine its proper place in operations. The 
importance of the operator is stressed repeat- 
edly but studies are reported in the symposium 
which show that much thought is being given to 
the fundamentals of slag control through a 
knowledge of the reactions occurring between 
slag and metal and in the slag itself. The proper 
way to form a slag is best illustrated by a 
delightful paragraph by R. Percival Smith in the 
report from the Sheflield District: 


“Slag-forming makes great demands upon the 
furnaceman. When the charge is completely melted 
without a trace of solid residue, a further quantity 
of lime, the so-called ‘feed lime,’ is put in. The 
amount of feed lime added, calculated beforehand, 
is sufficient to suppress the action of the bath, and 
the first step in the forming of a slag has been taken. 
The melter must now play a waiting game; he must 
resist the temptation to rush the charge into prema- 
ture action, to which happenings at neighboring 
furnaces will often incline him, and he must be able 
to protect his furnace from the dangers that are 
bound to present themselves when heat is being 
forced onto the surface of a liquid which is quite 
still or broken only by the bubbles from a very 
placid ‘boil. It is only when the feed lime has 
been thoroughly assimilated, assisted in the final 
stage of slag formation by small additions of spar 
spread as evenly as possible over the surface, that 
he may safely proceed to the next stage, the feeding 
of the furnace. Patience will, however, be amply 
rewarded. The furnaceman can now, and should, 
feed his furnace, not cautiously and hesitantly, but 
boldly. The stored heat of the bath permits reso- 
lute handling; the content of phosphorus and 
sulphur drops quickly to a low figure, and very 
soon the bath breaks out into an even boil and 
assumes a creamy appearance, very attractive to 
the eye.” 

Why can’t we write like that? 

Hay, Ferguson, and White (Glasgow Dis- 


trict) go into considerable detail on the relation- 


ships between FeO, Fe.O;, CaO and SiOz in the 
acid and basic processes. They conclude that 
calcium ferrites in basic, and ferrous silicates 
in acid slags control the states of oxidation of 
the iron oxide, and that when both CaO and 
SiO, are present, the tendency is to form ¢al- 
cium silicate which, in the case of acid steel, 
releases FeO and MnO with depletion of the slag 
in MnO and FeO and an increase in the man- 
ganese content of the metal. They believe that 
slag viscosity probably has a very marked effect 
on gas oxidation, but give no data on this sub- 
ject. As a matter of fact, few practical methods 
are given of utilizing their observations. 


Accurate Temperatures Needed 


Temperature is stressed by Dawtry, Hatfield 
and Wright (Sheffield) as being of extreme 
importance, and they state that it is of the 
utmost importance to find a quick and accurate 
method of measurement. Work on this sub- 
ject is being done by an Institute committee. 

The most important question of the day, 
according to the Sheffield group, is “What is the 
actual oxygen content present during the work- 
ing of the charge, and in what form does the 
oxygen exist?”’, and they believe that “until this 
question and many others have been adequately 
answered, steel making must be regarded as a 
very skillful process, dependent upon the ade- 
quate interpretation of practical observations in 
an empirical but effective manner.” 

An important paper by Andrew McCance on 
The Application of Physical Chemistry to Steel 
Making is divided into eight sections. In his 
introduction various physical and chemical con- 
stants and terms are defined. The most impor- 
tant of these, that of “activity,” is emphasized 
because it has previously been shown by Chip- 
man and others that the activity of an element 
is proportional to its concentration in dilute 
solutions. McCance shows, as in the first dia- 
gram on page 245, that when high metal 
concentrations are reached, the activity of the 
substances is not proportional to their concen- 
trations, deviating to a wide degree. 

The section on reduction of oxides by car- 
bon deals with the distribution of iron oxide 
between slag and metal and with the reaction 
between carbon and iron oxide. In order to 
obtain volume percentages, McCance has intro- 
duced a correction term for the density of the 
various slag components, and to obtain the dis- 
tribution ratio of FeO between slag and metal 
has arrived at the following equation: 
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eO in metal _ solubility of FeO 
=—0.10 
in slag 100 


s gives consideration to the average differ- 
in density of either silicate or lime slags, 
of course, does not take into account the 

ssociation of FeO with other slag constituents. 

The equilibrium constant for the reaction 

C+ FeO = CO + Fe has been determined under 
openhearth conditions and in the laboratory by 
various investigators. this connection, 
MeCance believes that Schenck’s theory of poly- 
merization of carbon is unwarranted and he 


arrives at the value sins 
6230 
Log k = — = +. 5.246 


for the equation [C] * [FeO] —K at various 
temperatures. 

McCance states that the iron oxide in the 
metal depends upon the rate of carbon elimina- 
tion, but it appears to this reviewer that he has 
fallen into the same error as some other writers 
in putting the cart before the horse, for the rate 
of carbon elimination should depend upon the 
carbon concentration and the FeO in the steel. 

A great deal of space is given to details of 
the manganese reaction. This is unquestion- 
ably the most studied reaction in steel making 
and McCance uses it to bring out the differences 
between acid and basic slags. He shows that the 


constant 


MnO in slag 


(‘co FeO in slag) |‘o Mn in metal} 

is 245 for basic and 1250 for acid slags at refin- 
The difference is attributed 
to combination of MnO and SiO, in acid slags 
(actually the difference is due to combinations 
of both FeO and MnO with SiO,), the higher 
constant for the acid slag showing the great 
association of MnO with SiO, in the form of sili- 
cates, and thus the ease of reducing manganese 


ing temperatures. 


from a basic compared with an acid slag. 


arrived at for the silicon reaction McCance pre- 
fers the equivalent constant of Koérber and 
Oelsen which for silicon and iron oxide in solu- 
tion in the metal is 

[Si] & [FeO}? 


In order to use this constant where the oxidation 


10°* at 1600 


of the slag may be taken into account, he has 
arrived at a constant for the acid openhearth, 
(FeO)? — 8.44 at 1600 
where (FeQ) is the concentration of FeO in the 
When lime is added to an acid slag it 
increases the silicon in the metal by temporarily 
releasing MnO and FeO which react with carbon 
in the iron, lowering the content of FeO in the 


= [Si] 


slag and thus raising the silicon content of the 
Cleanest steel is produced in this way 
by direct reduction of silica from slag or bottom, 


Photo by John Mudd for The Midvale Company 
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but to get this the bottom must always be in 
good shape. 

McCance lays great stress on the reaction 

2 MnO + Si = SiO, + 2 Mn 

and indicates how its equilibrium is disturbed 
by phosphorus, sulphur, nickel, cobalt, copper, 
chromium and aluminum to the metal and by 
CaO, Al.O, or TiO, to the slag. “If a steel con- 
tains more manganese than equilibrium condi- 
tions require” to quote his words, “then this 
excess manganese will reduce the silica of the 
refractory material with which it is in contact 
in an endeavor to attain equilibrium. In other 
words, the refractory material will be attacked,” 
and, he might have added, giving rise to dirty 
steel. “The same reasoning applies to other 
deoxidizers, and since, for a given manganese 
content, a very small proportion of aluminum 
is sufficient to maintain equilibrium, the con- 
verse is also true — that is, a small aluminum 
content in the steel is suflicient to prevent the 
refractory from attack. The importance of this 
on the technique of bottom running is not yet 
generally realized.” 


Sulphur Elimination 


A detailed review of the sulphur reactions 
is also given by Dr. McCance. High sulphur coal 
results in a pick-up in sulphur in the scrap and 
in the slag. “It is probable that two reactions 
proceed simultaneously : 

3 Fe + SO, = FeS + 2 FeO 

10 FeO + SO. = FeS + 3 Fe,0, 
Both reactions are exothermic and so the equi- 
librium condition will result in less sulphur in 
the scale at high temperatures than at low. The 
most that can be said, therefore, is that with 
quick, hot melting the sulphur pick-up will be 
diminished.” 

Sulphur elimination in the openhearth bath 
is due to reaction 

FeS + CaO = FeO + CaS 

electric furnace desulphurization being due pri- 
marily to the low FeO (and MnO) content of the 
basic slag. The distribution ratio between 
sulphur in the slag and sulphur in the metal 
increases with the CaO content of the slag, being 
3 or 4 in the first or oxidizing slag, and 25 to 50 
in the second or reducing slag. 

When dealing with high sulphur irons, 
desulphurizing with manganese in the mixer 
is of great help. For mixer type slags K = 
[Mn] [S] — 0.07 to 0.09. For more concentrated 


slags the constant increases rapidly, showing 
that the reaction is not as simple as was origi- 
nally thought. From German work McCance 
gives the following table for the percentage of 
sulphur present in a sulphide inclusion as FeS 
for three temperatures and various manganese 
contents for a steel containing 0.06% sulphur: 


MANGANESE PERCENTAGE OF FES IN INCLUSIONS Ar 


IN STEEL 1600° C. 1500° C. 900° C. 
0.10% 97.4 96.2 34.1 
0.25% 93.8 91.2 17.2 
0.50% 88.1 83.7 9.3 
1.0% 78.8 72.1 4.9 
2.0% 64.9 56.3 2.5 


As the temperature falls, therefore, the pro- 
portion of the sulphur combined with iron in 
sulphide inclusion decreases, and the propor- 
tion of sulphur combined with manganese 
increases. According to McCance, this conver- 
sion goes on even in the solid state, and the 
change from a sulphide rich in FeS existing in 
liquid steel to a sulphide rich in MnS existing 
in solid steel will depend on the rate of cooling. 

McCance believes that most of the trouble 
in rolling due to ingot cracking arises from the 
fact that too much iron sulphide is present 
between the crystals in the ingot. As an adjunct 
to the above table, he states that the percentage 
of FeS increases with the oxidation of the metal 
and that one of the functions of an increase in 
the manganese is to decrease the FeO content 
of the steel and thus decrease the FeS. The last 
diagram on the data sheet, page 245, shows the 
relationship between the percentage of sulphur 
as FeS, the oxygen content of the steel, the man- 
ganese content of the steel and red shortness. 
Proper rations of manganese to sulphur, together 
with the proper degree of deoxidation, should 
therefore prevent ingot cracking, or at least that 
part due to FeS. In this connection the present 
reviewer would say that the high FeO contents 
as shown by McCance are seldom found except 
in very low carbon rimmed steels. 

Phosphorus is shown to be lowered by high 
CaO, high FeO, low P.O; and low temperature. 
A dephosphorizing factor 

1 P.O; 
Fp = — X 
P (P.O; + FeO) 
when combined with the total CaO content of 
the slag enables one to determine quite accu- 
rately the requirements of the slag, or charge, 
for the desired phosphorus elimination. Hig! 
manganese pig iron tends to retard dephos- 
phorization because resultant high MnO lowers 
the effective CaO content of the slag. 
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Some Openhearth Reactions 
' Diagrams selected from “The Application of Physi- 
cal Chemistry to Steel Making’ by Andrew McCance, 
British Iron & Steel Institute, May meeting, 1938 
Manganese ,Y%o 
0 2 60 8 {00 
| 
Theoretica/ High Manganese 4 Temperature, 1600 to 
2 4 6 86 WH Ih 
(Kérber’s Diagram) Increasing the Car- 
ye 1o6 > bon in the Melt Reduces the Amount of 
Silicon in Equilibrium With a Given 
=. Percentage of Manganese in the Reaction 
| 2 MnO + Si ge SiO. + 2 Mn 
Qe | Stee/ Containing 206 %S 
4 . | 
© > 
” Acid Slags; = 50% + | | 
70 20 30 
/ [Mn Nn Metal] + [Mno in Slag] 40 
teduction of Manganese and Silicon From Acid Slag Follows S 
the Mass Action Law for Low Concentrations, but Deviates & 
From It Widely at High Concentrations (Kérber and Oelson) 3 20 
/40 | 
O | 
010 020 030 040 050 
120 FeO in Stee/, % 
Compositions of Sulphide Inclusions 
& | (Fe-Mn)S Depends on the Manganese 
cS 100 | or in Steel But Also on FeO in Steel. Condi- 
g Manganese, % tions above dotted line make for cracked 
.) 10 2 14 16 ingots due to red shortness (MecCance) 
“ 80 000 - - : 80 
4 | 
| 
dD g 
2 60 {3000 nse 60 
c 
2 40 = 40 
“SN 
20 
20 a | 1000 
0 0 
O 02 04 06 1400 1500 1%600 1100 1800 
% Manganese iin Metal Temperature °C. OF 
Lime Is the Most Active Substance Affect 
Manganese Is More Easily Reduced From a Basic Slag ing Partition of Phosphorus Between 
With Very High Lime Than From Acid Slags, Which Hold Metal and Slag (Krings and Schack 
the Metal Oxides as Silicates (McCance). Inset (after mann), but Action Is Indirect, Since FeO 
Kérber and Oelsen) shows that superheating changes Is Probably the Principal Reactant: 
the manganese equilibrium of a basic melt but slightly 2P +5 FeO = 5 Fe + PO, 


y 
| 
| 
q 
+ 
‘ 


Opening new markets for farm 
tractors, Allis-Chalmers designed 
this new Model B. With 9 HP 
drawbar pull, this tractor offers 
mobile, economical power for 
many industrial uses. Despite 
the moderate cost of this tractor, 
more than a dozen highly stressed 4 ¢ 
parts are forged from long-wear- 


ing Nickel alloy steels. 2 


Digging rock for a cement mill, this big 
shovel keeps down tonnage costs. Big 
shovels, working at a big-yardage pace, 
need the extra strength and wear resist- 
ance of Nickel alloy steels. Bucyrus-Erie 
engineers developed a special Nickel 
alloy steel, similar to SAE 3135, and 
special heat treatments to achieve high- 
er physical properties. 


Grand Coulee, three times bigger than 
Boulder Dam, is being built with hoists 

which speed materials 550 feet aloft. 
Hoisting machinery is safeguarded by the extra 
strength of Nickel alloy steels. Paradox gates which 
plug the Columbia River, hold raging water and 
resist abrading silt, are made of Nickel alloy steels 
with tensile strengths from 80,000 to 110,000 p.s.i. 


Your consultation regarding the uses of Nickel is invited. 


THE INTERNATIONAL NICKEL COMPANY, INC., NEW YORK, N.Y. 
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orgings for aircraft, 


manufacture and 


By Waldemar Naujoks 
( chief Engineer 
The Steel Impr wvement & Forge Co 
Cleveland, Ohio 


poor trimming, worn dies, 
and rough scaly surfaces are 
of little importance. 

Yet, for many purposes 
forgings of this nature serve 
their purpose well, and any 
additional quality is not nec- 
essary. Cheap household 
vises, wedges, wrenches, 
clamps, pinch-bars, _ filler 
blocks, and such articles 
that have sufficient bulk to 


mspecton offset the defects may not 


D.: PRODUCTION FORGINGS, as _ they 
are known today and including the drop forg- 
ing, the upset forging and the press forging, had 
their real birth or beginning about 40 years ago, 
and have grown in importance with the auto- 
motive industry. Today they are a part of 
nearly every type of mechanical unit of metal. 
Reasons for their use may be several, depending 
upon which of the needs the forging may 
supply. 

Die production forgings may be divided 
into about four general classes of quality, the 
quality for any particular class being balanced 
by the price factor. These four classes are (1) 
the “garden variety” or low priced forging, (2) 
the “commercial quality” forging, (3) the “spe- 
cial quality” forging, and (4) the “aircraft 
quality” forging. 

The low priced grade is sometimes called 
the “garden variety” forging. Price is the all- 
important factor. The steel used may be mill 
off-heats as to chemical composition or physi- 
cal condition, or even steel of re-rolling quality. 
Surface defects, pipes and cold shuts are of 
small consequence. Chemical defects, as car- 
von segregation or high impurity content, can 

overlooked. Forging defects such as mis- 

itched dies, cold shuts, overheated forgings, 


require anything more exact- 
ing. The cheap chisel that 
the amateur mechanic uses 
once or twice a year may 
serve him just as well as the 
high quality tool that daily 
serves the mechanic. 

Most die production 
forging falls into the class of “commercial forg- 
ing.” Steel must be of “forging quality,” con- 
forming to S.A.E. specifications for chemical 
composition; dies are maintained to a reason- 
able degree; workmanship is of a good grade; 
commercial tolerances are met in size, shape, 
surface condition and physical structure. Such 
forgings present a fine, workmanlike quality, 
and find extensive use throughout the metal 
industry where strength and dependability are 
required. 

The “special quality” forging is a step above 
the commercial grade. Increase in quality may 
be due to closer chemical tolerances in the 
analysis, smaller than normal dimensional 
tolerances, better than average surface condi- 
tions, closer weight range, specified size for 
micro-grain, or a combination of tolerances in 
a closer than normal expectation. Forgings of 
this nature necessitate equipment in better than 
average condition, temperature control on forg- 
ing and heat treating furnaces and highly 
skilled die sinkers and hammermen,. Their pro- 
duction is coupled with a continuous and care- 
ful inspection of the product throughout each of 
the processing steps. 

Forgings of special quality are used for the 


more severe conditions in industry, such as 
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parts to resist heat, pressure, shock, vibration, 
abrasion, or a combination of conditions where 
failure may prove expensive or dangerous. 

The aircraft industry has demanded a still 
better classification in the gradation of forgings, 
known as “aircraft quality.” Due to the highly 
restrictive conditions imposed upon the forged 
parts and the exacting tests imposed, only the 
cream of “special quality” forgings are accept- 
able. The several reasons for absolute flaw- 
free forged parts in the airplane will be dis- 
cussed in what follows. 


Long Slender Forgings Require Close Heat Control. 
Slight variation in finishing temperature would tend 
toward rejections because of size tolerance. Length 


Design for Aircraft Service 


It is generally recognized by those familiar 
with the aircraft industry, even without the 
detailed technical knowledge and broad experi- 
ence of specialists, that the two demands on all 
aircraft parts are weight and perfect dependa- 
bility, and that these demands are insisted upon 
almost to the nth degree. Weight must be 
reduced to an irreducible minimum, vet not 
at the sacrifice of suflicient strength for 
safety. Due to the many uncalculable conditions 
encountered in service, it is also necessary to 
design for a suflicient reserve to handle the 
unknown forces, as well as to carry all of the 
known loads. To incorporate greater strength 
into smaller sections, it has been necessary for 
the aircraft designer to specify stronger mate- 
rials, better workmanship, and more reliable 
products than have been heretofore considered 
satisfactory in other exacting services. Previous 


practices, which considered the productiop 
problems and followed the accepted require. 
ments of the forging industry, were moved 
aside. Strengths that were obtainable only jp 
isolated laboratory tests became production 
requirements. Flaw-free conditions obtainable 
only in a small percentage of forgings were 
demanded for all aircraft forgings. The air. 
craft designer incorporated into his shapes al| 
factors that tended to make the forgings diffi- 
cult and markedly promoted all the various 
forging defects, such as extremely thin  see- 


18 in., spread 10 in., thickness varies from %-in, in 


I-beam channel to 2% in. at boss. Weight 14% Ib. 
Chromium-nickel-molybdenum steel, (S.A.E. 4345) 


tions, deep pockets, abrupt section changes, dif- 
ficult locks, small radii and sharp corners. He 
further added to the difficulty by imposing close 
dimensional, physical and structural tolerances, 
often closer than have been previously consid- 
ered acceptable by the users. In short, more is 
demanded in high physical qualities and flaw- 
free conditions in the aircraft forging than has 
been required in previous quality fergings. 
primarily because no excess metal can_ be 
put into the design to compensate for any slight 
deviation of strength in the part due to flaws or 
defects it might contain. 

This “aircraft quality” has not materialized 
over night, but the quality of forgings for this 
service has been developed to a degree ‘at 
beyond the seeming possibilities of a few years 
ago. Since steel is one of the important basic 
metals, certain necessary and rigid specifica 
tions are imposed upon all steels used for (1's 
purpose. It is evident that no forging can 
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, better than the material from which it is 
ade and the specifications assure the finest 
»roduct of the steel maker's skill. 

Adoption of magnetic tests for soundness, 
-uch as the magnaflux test, together with the 
more numerous and exacting tests on the bars 
themselves before acceptance, requires steel 
that is as free from all minute cracks and 
broken fibers as human ingenuity can make it. 
Specifications for the chemical composition and 
tensile strength do not differ greatly from those 
given in the standard commercial specifications. 
A comparison between three representative 
specifications will indicate this point. The 
American Society for Testing Materials specifi- 
cation represents good commercial practice. 
The U. S. Army specification represents ord- 
nance requirements, and the U, S. Navy specifi- 
cation represents present day requirements in 
aircraft steels. Both the chemical composition 
and the tensile requirements in the three speci- 
fications are similar, with the usual ten point 
range in carbon content and maximum of 
impurities such as sulphur and phosphorus. 


Specifications for Commercial, Ordnance 
and Aircraft Steels 
ARMY Navy 
A.S.T.M ORDNANCE AIRCRAFT 
S.A.E. X-4130 WD-4135 X-4130 
Carbon 0.25t0 0.35 0.30t00.40 0.25 to 0.35 


Manganese 0.40 to 0.60 0.40to 0.70 0.40 to 0.60 
Phosphorus 0.04 max. 0.04 max. 0.04 max. 
Sulphur 0.05 max. 0.045 max. 0.045 max. 


Chromium 0.80to1.10 0.80to1.10 0.80to 1.10 
Molybdenum 0.15to 0.25 0.25to00.40 0.15 to 0.25 


Minimum Tensile Requirements 


Tensile strength 125,000 psi. 120,000 psi. 125,000 psi. 
Yield point 105,000 psi. 105,000 psi. 100,000 psi. 
Elongation in 2 in. 16% 14% 18% 
Reduction of area 50% 40% 50% 


Similarity ceases with the number and 
types of tests necessary for inspection. For 
chemical tests the A.S.T.M. asks an analysis 
from each melt. The Army specifies samples 
from not less than 1% nor more than 2% of the 
number of bars in any one lot. Navy aircraft 
desires, where practical, samples directly from 
the top and the bottom of each ingot, but other- 
wise samples may be taken from broken physi- 
cal test specimens. 

Requirements for macro and micro etch 
‘ests also vary with the specification. A.S.T.M. 
requires a sufficient discard from each ingot to 
ecure “freedom from injurious piping and 

ndue segregation” and requires that the forg- 
igs shall be free from injurious defects and 


have a workmanlike finish. Since no provision 
is stated for specific macro and micro examina- 
tions, they are usually not made. Forging 
quality steel is given suitable tests and inspec- 
tions at the mill, which include visual inspection 
for seams and pipes, and macro etch inspection 
of samples from each heat for segregation. 

The Army commercial specification states 
that the bars shall be subject to a macro etch 
test when specified in the contract or purchase 
order, and under visual examination shall show 
no evidence of segregation or abnormal change 
in structure from the surface to the center. 

Navy aircraft specification states that at 
least one tension and one deep etch specimen 
is required from each 500 Ib, of bars. This 
increase in the number of tests required and 
their severity, has resulted in many changes 
from the ordinary commercial steel mill prac- 
tice. To the regular base price and normal 
extras is added another substantial extra for 
aircraft quality, to cover the increased number 
of tests necessary at the mill and the lower ingot 
yield. For the general practice, the ingot yield 
runs about 70° to 85°, but for aircraft steels 
this vield is reduced to about 50° to 75%. 

Orders for aircraft steels are not accepted 
unless they specify electric furnace steel. The 
present practice is to take samples from each 
ingot and forge them down to the size of bars 
required; tests are then made on these samples 
to determine whether the ingots are of sufficient 
quality to pass the necessary requirements. If 
the macro and micro acid etch tests indicate 
suitable steel, the ingots are rolled to the 
required bar size. Samples are then taken from 
each bar for another searching examination of 
macrostructure and microstructure. Any evi- 
dence of the slightest crack or broken fiber will 
result in the rejection of the bar. 


Forging the Aircraft Part 


Forging practice for aircraft parts is, in 
many instances, a radical departure from the 
previously accepted forging methods, due pri- 
marily to thin sections and abrupt changes of 
section. The various forging steps which serve 
as preparatory operations in the dies in shaping 
hot plastic metal for the finishing impression 
must be worked out very carefully. The flow 
of metal must be guided at every step so as to 
protect the continuity of the fiber or grain struc- 
ture. If the break-down operations are too 
severe, ruptured metal is the result. It is not 
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suflicient to avoid the more common defects 
such as scale pits, cold shuts, laps, seams, over- 
heated metal, metal forged at too low a tem- 
perature, and unfilled sections; rather, it is 
mandatory that every precaution is taken to 
assure proper grain flow and correct metal dis- 
tribution. The success in the forging operation 
therefore depends to a large extent upon the 
foresight and care exercised in the design and 
machining of the dies, 

A second factor is the control of tempera- 
ture. A portion of this rests in the provisions 
made for temperature 
control in the heating 
furnaces, and the bal- 
ance rests in the skill of 
the hammer operating 
crew. 

The eyes of even 
the most skilled and 
conscientious heater 
‘annot compete in 
accuracy, day in and 
day out, with the mod- 
ern temperature control 
systems. There was a 
time when such systems 
were expensive and oft- 
times unreliable, but 
this is not true today. 
The initial cost. still 
involves a considerable 
outlay, but when it is 
considered that no con- 
sistent, commerci- 
ally accurate and 
proper grain refinement 
can be obtained without accurate temperatures, 
such a system becomes essential for aircraft 
forgings. 

Most continuous types of furnaces are 
equipped with suitable pyrometric control so 
that the metal is brought up to the most suitable 
forging temperature at the most suitable rate. 
However, for the smaller sizes the batch type of 
heating furnace is still considered most eco- 
nomical, This type can also be equipped with 
proper temperature controls, but it is still nec- 
essary to depend upon the skill of the heater. 
In the modern continuous furnace, the cold 
stock is placed in the furnace and the heating 
cycle consists in moving the stock from one end 
of the furnace to the other, or completing a 
revolution in the rotary type. Completion of 
the heating cycle is assurance that the stock has 


been heated to the proper temperature in the 
desired length of time. 

However, in the batch type furnace, the 
stock is placed in the furnace somewhat hotter 
than the stock is to be treated, where it remains 
until removed by the heater. Should he remove 
it before it has been properly heated throughout 
its cross-section, the metal cannot flow freely in 
the forging operation; this may result in a 
defective forging and generally in a poor one, 
certainly too poor for aircraft quality. 

Improperly heated stock can rapidly wear 


A Desirable Chunky Forging, Weighing About 9 Lb. However, the 19-9 type 
of stainless steel requires close temperature control and careful handling 


the dies, which makes it difficult to maintain 
proper dimensions. On the other hand, the 
piece can remain in the furnace too long, which 
tends to produce a coarse grain structure which 
is not always removed or restored by subse- 
quent forging and heat treatment. 

The steel maker has put into aircraft qual- 
ity steel all the skill and experience at his 
command and this exceptionally high quality 
steel can be either improved by correct heating 
and forging operations, or it can be ruined by 
improper procedure. Heating is one of the very 
important steps in producing a forging of super- 
fine quality. 

The third factor in forging rests entirely 
upon the skill and experience of the hammer 
operator and his crew. 

On a new set of dies, the hammer operal:'t 
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he 


not only concerned with filling the finishing 

pression, but he must watch very carefully 
he movement of the metal as it changes its 
shape from the bar stock into the shape of the 

ished forging. He must not only avoid the 
rdinary possibilities such as cold shuts, laps 
ind unfilled sections, but the flow of the stock 
must be such as to avoid folded or irregular 
fiber structure, ruptured fibers, or a weak grain 
structure. These weaknesses are not always 
readily seen but, nevertheless, tend to impart 
debilities that must be avoided. 


to take good metal and improve it by the proper 
heating and forging operation. 

One of the important subsequent operations 
is trimming. Where the forgings are to be cold 
trimmed, it must be certain that this does not 
impart a perimeter crack around the trimmed 
part, caused by secondary shearing. Such 
cracks are very slight and barely discernible, 
but the release of the shearing strains in subse- 
quent heat treating operations may cause fur- 
ther cracking. The best practice is to hot trim 
all forgings for aircraft service. Similar cracks 


Alternate Thin and Bulky Sections ona Small Forging Weighing About 2 Lb. Length 
8 in., width 1% in., thin sections 0.28 in. thick. Aircraft forging of X-4130 steel 


It is the practice in some forge shops 
specializing in aircraft forgings to require 
several experienced men, such as the forge 
foreman, the superintendent, and the chief 
inspector, to be present during the start of 
a new set of dies so that any irregularities 
in the forging steps may be detected. Where 
weaknesses appear that are due to faulty die 
construction, suitable changes are immediately 
made in the dies; where the forging technique 
does not appear suitable for the part, that tech- 
nique is changed. The size of the forging unit, 
the heft of each forging blow, and the tempera- 
‘ure of the metal being forged must be carefully 
watched, so that when the finished piece is laid 
cown for the further processing, such as trim- 

iing, punching, or heat treating, it carries with 
' the best traditions of the forging art, namely, 


can be developed in punching operations. 
Proper clearances in both the trimming and the 
punching tools are essential. 

The forged parts may be made of various 
grades of steel, either in carbon or alloy grades, 
but the important pieces are usually of an alloy 
steel that requires a heat treatment to develop 
the full physical properties. Where the part 
requires extensive machining, it is customary 
to normalize the forgings so that uniform 
machining conditions are obtainable through- 
out the piece. This also improves the structure 
for any subsequent quenching and tempering 
operations. At times faulty or broken fiber 
structures will appear during heat treating, but 
cracks may also be caused by faulty heat treat- 
ment. Particularly can this be true where the 
forging consists of alternate thin and heavy sec- 
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tions, or on a forging containing fairly sharp 
corners and small fillets. 

Inspection during every step of the produc- 
tive operations is a prime requisite. It was seen 
that the forging stock received thorough inspec- 
tion during the steel making processes, and the 
inspection throughout the forging shop opera- 
tions is required to be just as frequent and just 
as thorough. Forging stock is closely inspected 
for any visible defects, its chemical composition 
is carefully checked in the plant laboratory, and 
bar samples are deep etched to inspect surface 
conditions and cross-section porosity. After the 
bars have been cut into forging lengths, particu- 
larly if they are cut by cold shearing, the pieces 
are again carefully inspected to make certain 
that the cutting process has not developed shear 
or cutting cracks. Usually several of the first 
forgings are deep etched or magnaflux tested. 
After each step in production, the forgings are 
closely scrutinized to guard against any flaws 
that may have been overlooked in the preceding 
operations. Inspection for dimensions must be 
made in the same thorough manner. Often each 
forging is given a special etching pickle to study 
the surface condition, Any indication of the 
slightest fine line, a tendency towards a cold 
shut, or any other condition that appears doubt- 
ful in the least, is sufficient cause for rejection. 

Forgings for army or navy airplanes must 
be inspected by an army or navy inspector. For 
military planes, all parts fabricated must be 
made in shops approved by the governmental 
aircraft departments, and this approval is not 
obtained until the plant has been duly inspected. 
These inspectors satisfy themselves that the par- 
ticular forging shop has the necessary equip- 
ment and engineering facilities to produce forg- 
ings of the quality desired, and that these facili- 
ties will be employed when their forgings are 
being produced. No army or navy aircraft 
forging can be shipped until it has the inspec- 
tor’s stamp of approval, but this does not indi- 
cate that the forgings will be finally accepted 
by the aircraft builder or by the military 
inspector at that plant. During machining, heat 
treating, and assembling, the inspections con- 
tinue, to insure that each part is in as perfect 
a condition as it is humanly possible to obtain. 


The Price of Quality 


It is generally conceded that the primary 
requisite in the aircraft forging is “highest 
quality,” and nothing short of that will suftice. 


However, the question is often raised, and fairly 
so, “Just what is the real value of the precau- 
tions and tests exercised in the processing steps 
of aircraft forgings, since these additional 
inspections tend to increase the cost out of pro- 
portion with other high quality forgings, such 
as automotive forgings?” It is known that forg- 
ings in the modern automobile are of remark- 
able quality, many of them being fabricated out 
of various grades of alloy steel, and that the 
automotive inspection is quite rigid. Yet to 
produce a quality product the automotive indus- 
try does not find it necessary to use _ these 
extreme precautions. 

The first reason is that the design of the 
aircraft forging is generally such that the least 
weakness in the metal or in the forging proc- 
esses will tend to promote these weaknesses to 
a much greater degree than in the relatively 
heavier sectioned automotive forgings. Even 
though many of the defects found in the earlier 
inspections might later be found after the air- 
craft part has been machined, these machining 
operations are much more expensive than the 
automotive because the small quantities do not 
permit the development and use of special 
machines. 

The first reason is that the design of the 
aircraft forging is generally such that the least 
the automotive forging because of the greater 
permissible factor of safety which the heavier 
sections allow. Were it necessary for the auto- 
mobile manufacturer to build a machine of the 
present power and strength, but to reduce the 
weight of the car one half, he would be faced 
with about the same problem that the aircraft 
builder meets. 

Reduction of weight without the sacrifice of 
strength has changed to a marked degree the 
technique of the forging plant that serves the 
aircraft industry. “Aircraft quality” is the peak 
in the grades of forging qualities. Just as the 
various grades of diamonds can be used to best 
advantage for their several purposes, from the 
blemished diamond which can true the grinding 
wheel to the flawless stone for a queen’s crown, 
the various grades of die production forgings 
have their niche in serving mankind in various 
capacities. 

Progress of man’s mastery over the air 
depends entirely upon his ability to produce 4 
craft without one weak link, and in striving for 
components without flaws and without weak- 
nesses, the forger of aircraft forgings needs a'! 
of his engineering ability and his forging a! 


Metal Progress; Page 252 


hig 
i 
$ 
| 
4 q 
| 
| 
4 
‘ 
| 
+ 
ii 
A 
« 


PRECISION GEARS AT 


THE quality of the gears in a high-grade machine 
tool determines its performance. 

One well-known machine-tool builder finds 0.35 % 
Moly Chrome-Molybdenum iron meeting all require- 
ments for main and intermediate gears in an auto- 
matic crankshaft lathe. The iron is wear-resistant 
enough to assure maintenance of original tooth 
profiles, thus eliminating tool chatter. Its structure — 
and therefore its strength—is uniform. There is no 
trouble from porosity at the bases of the gear teeth. 
This Chrome-Moly iron also holds down production 


LOW COST 


costs. It is comparatively inexpensive. It machines 
easily. And in the case referred to above there has 
never been any waste from defective castings since 
it has been adopted. 

If resistance to wear, uniform strength, plus eco- 
nomical production are vital requisites in the gears, 
pulleys or similar machine parts you make or use, 
investigate Moly irons. Our book. “Molybdenum 
in Cast Iron,” is free to engineers and production 
executives. Climax Molybdenum Company, 500 Fifth 
Avenue, New York City. 


PRODUCERS OF FERRO-MOLYBDENUM, CALCIUM MOLYBDATE AND MOLYBDENUM TRIOXIDE 


Climax Mo-lyb-den-um ‘Company 
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Personals 


William B. Scott @ has left 
Detroit Electric Furnace Co. to 
become engineer for the Chemi- 
cals and Pigment Division of the 
Glidden Co. at Collinsville, TL. 


Now employed by Allis-Chalm- 
ers Mfg. Co., Milwaukee: William 
R. Parks @ engineering 
apprentice. 


Louis J. Larson @, for many 
years director of welding 
research for A. O. Smith Corp., 
Milwaukee, has resigned to enter 
consulting work on _ welding 
problems. 


Gordon MeMillin ©, formerly 
with the Buckeye Traction 
Ditcher Co., has been appointed 
chief metallurgist for the Stand- 
ard Brake Shoe and Foundry Co. 
of Pine Bluff, Ark., and Memphis, 
Tenn. 


NEW 


STANDARDS OF EFFICIENCY/ 


Improved Tool Life, 
Anti-Rust Values, 


Phone or write today for Free 
Working Sample and Brand New 
24 page special booklet describing 
this low priced modern soluble oil. 


D. A. STUART OIL CO. Ltd. 


CHICAGO, U.S.A. - - EST. 1865 


Warehouses in Principal 
Industrial Centers 


Please address request for free sample 
and booklet to our general offices at 
2727 SOUTH TROY STREET, CHICAGO 


Metal Progress; Page 254 


George Ellerton, Jr. 
joined Faville-LeVally Corp., Chi- 
‘ago, as sales engineer. 


Eugene Schmidt @ is now with 
Indiana Steel Products Co., 
paraiso, Ind., as chief chemist and 
metallurgist. 


E. W. Goodaire @ has formed 
the Ring-Free Oil Co. of Cleve- 
land to warehouse and distribute 
wholesale the products of Mae- 
millan Petroleum Corp. 


Now chemist in research lab- 
oratory of Columbia Chemica! 
Division of Pittsburgh Plate 
Glass Co., Barberton, Ohio: 
William A. Franta ©, formerly 
sales engineer with Superior Stee! 
Corp. 


Harry O. Munn ©, formerly 
chief service engineer for Lind- 
berg Engineering Co., has been 
placed in charge of a new office in 
Buffalo, for western New York. 


George H. Morel M.LT. June 
1938, is now employed by Build- 
ers’ Iron Foundry of Providence, 
R. I., starting a one-year training 
course in foundry engineering. 


Traveling to Peru: Frank E. 
Noe @, on a three-year contract 
with the Cerro de Pasco Copper 
Corp. as a junior metallurgist. 


Transferred to St. Louis by 
Climax Molybdenum Co.: H. E. 
Hostetter ©, as metallurgical! 
engineer of the new St. Louis 
office. 


Allan G. Shepherd, Jr. &. 
formerly materials engineer for 
Hancock Valve Co., Boston, is 
now metallurgist for Taft-Peirce 
Mfg. Co. of Woonsocket, R. I. 


Awarded an honorary member- 
ship in the American Society tor 
Testing Materials: F. O. Clements 
@. technical director, Researe! 
Laboratories of General Motors 


Carl B. Rex @ has recently been 
appointed metallurgist for the 
U. S. Naval Torpedo Station «! 
Newport, R. I. 


Gr — <> 
f ey 
‘ = 
= 
. 
= 
SS 
4 


CRYSTOLON 
REFRACTORY 
CEMENT— 


An Economical Silicon 
Carbide Cement for Severe 
Service — Especially Made for 


Furnace Linings 


Close-up of pit furnace for melting non-ferrous 
metals showing lining of Norton RC-1133 cement 


Specify RC-1133 for pit furnaces or any other fuel-fired 
metal melting furnaces — also for hand-fired boiler fur- 
naces. Use for complete linings or for patching. Easily 
applied — very refractory. Packed in 100 pound bags 
— shipped dry —ONLY ADD WATER. Prices upon 


application. 


NORTON COMPANY, WORCESTER, MASS. 
NEW YORK CHICAGO CLEVELAND R-600 
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Columbia 


TOOL STEEL 


CLARITE (18-4-1) High 
Speed Steel is of the time- 
tested type but it is made 
to new standards with 
new methods and controls. 


It has an all-around use- 
fulness with a top perform- 
ance that appeals to men 
responsible for production. 


COLUMBIA TOOL STEEL COMPANY 


MAIN OFFICE ANDO WORKS 


500 147" STREET. CHICAGO HEIGHTS. 


KEEPING PACE WITH PRODUCTION 


This modern instrument solves 
your hardness testing problem 


Capacity— 
2600 tests per hour. 


Accuracy— 


Within standard test 
bar limits. 


Tolerance— 
In excess of .125” 
variation. 

Loading— 
Major and Minor, 
DEAD WEIGHT, 


fully automatic and 
CONSTANT; 60 Keg; 
100 Kg; 150 Kg. 


Bulletin on request 
Model “PR” 


See us at Booth C-534 
National Metal Exposition 


PYRO-ELECTRO INSTRUMENT CO. 
7323-5 W. Chicago Blvd. Detroit, Mich. 


Efficiency of the Blast Furnace 


(Continued from page 221) rich in CO to effect the 
required reduction of Fe,O, to FeO in the second 
chamber, and its effluent will effect easily the reduc- 
tion of Fe,O, to Fe,O, in the first, the final exhaust 
having 4642% CO (representing 623 lb. of the origi- 
nal carbon which must be carried for “potential” 
or driving force for the reaction) and 534% CO, 
(representing the 720 lb. of carbon necessary for 
the actual reduction). These figures are for equi- 
librium reactions, and the excess carbon as CO must 
be even greater in a working furnace in order to 
have an appreciable rate of reduction. 

Mathesius has worked out a heat balance from 
the operations of large 1915 furnaces making low 
silicon pig iron and finds that of the 12,850,000 
B.t.u. needed per ton of pig iron, 10,800,000 is from 
the coke and 2,050,000 is brought in by the hot 
blast. How does this compare with the ideal? 

Our figures have been for a reduction tempera- 
ture of 1500° F. As the temperature goes up the 
conditions are less favorable because of a change 
in the equilibrium ratio CO:CO,. At 1600° F., for 
instance, the theoretical requirements for reduction 
are about 1450 lb. of carbon, at 1700° F. 1550 Ib. 
and at 1800° F. 1650 Ib. Reduction in the blast 
furnace occurs over a range; 1600° F. is probably 
close to the average, and 1500° F. the lowest at 
which reduction occurs at a feasible rate. 

If we consider the amount of heat produced by 
the combustion of carbon to that mixture of CO 
and CO, coming from the third chamber of our 
ideal furnace, we may figure that the amount of 
heat to be credited to combustion is 480 Ib. C to 
CO, at 14,450 plus 863 Ib. C to CO at 4453 or 
10,820,000 B.t.u. This exactly balances the require- 
ments of Mathesius’ furnaces. Figuring at the very 
unfavorable average reduction temperature of 1800 
F., the heat liberated is 12,200,000 B.t.u. 

The relatively close agreement between the heat 
supplied on combustion of this carbon and the heat 
required for the furnace as a whole shows that 
many modern blast furnaces are operating at a very 
high eflicieney and that the final balance is obtarmed 
by means of blast-temperature regulation. It also 
indicates the high degree to which the management 
and operation of the blast furnace have been devel- 
oped, for unless there is a proper selection of the 
charge and fuel, a proper furnace design, a proper 
rate of driving, a complete balance cannot be 
achieved by blast-temperature regulation alone. 

Furthermore, since the efficiency of modern 
furnaces is over 900%, based on the performance of 
the perfect furnace, it is clear that the more com- 
plicated devices now being promoted by inventors 
have little, if any, chance of producing a spectacular 
reduction in the coke consumed per ton of iron. 
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HOW THE WELDON TOOL CO. 


improved tool 
rejections...lowered operating costs 


@ When the Weldon Tool Co.. famed manufac- 
turers of patented double-end mills, cutters and 
special tools, moved into new and larger quarters 
they installed Hayes “Certain Curtain” Electric 
Furnaces equipped with Globar Brand Heating 
Elements. e Mr. Elmer B. Hauser, metallurgist, 
speaking of these new furnaces says: “It has been 
possible for us to produce work that is consist- 
ently up to the highest standards because a close 
control over heat-treating conditions 
is maintained”, e “The close control 
of temperature and the use of con- 
trolled furnace chamber atmospheres 


have practically eliminated rejec- 


tions after hardening. Soft skin, due to decarburi- 
zation, has been eliminated. Burning and _ blis- 
tering of the surface and edges of fine cutting 
tools have been prevented and the hazards of 
hardening expensive tools in older types of equip- 
ment have been avoided. All of these advantages 
have been gained without sacrifice of economy 
as the maintendnee costs of the furnaces are very 
low and the operating cost is moderate”. e Our 
engineers will be glad to show you 
how you can reduce costs and 
improve your product with Electric 
Furnaces equipped with Globar 


Brand Heating Elements. 


GLOBAR DIVISION, THE CARBORUNDUM COMPANY, NIAGARA FALLS, N. Y. 


“ales Offices and Warehouses in New York, Chicago. Philadelphia. Detroit, Cleveland. Boston, Pittsburgh, Cincinnati, Grand Rapids 


(Carborundum and Globar are registered trade-marks of The Carborundum Company 
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You Name the | 
Metal Cleaning Job- 
Wheelabrating will 


do it Quicker, at Less Cost, 
and give youa better finish 


et the airless Wheelabrator lick your 

toughest metal cleaning jobs, as it has for 

hundreds of others in the foundry, forging, heat- 
treating and stamping industries. 


Case studies of Wheelabrator equipment, 
operating under the most severe conditions, 
prove its matchless performance. Reductions 
in cleaning costs up to 50°; and more are not 
unusual. 


The variety of work being Wheelabrated ranges 
from the cleaning of complicated castings hav- 
ing deep pockets and recesses such as auto 

linder blocks to the ‘peening”’ of clutch 
oe and springs (which more than doubles 


their life). 


Why not submit samples of your work toa 
Wheelabrator speed test-cleaning and see for 
yourself how well this equipment will answer 
your problem? There is no obligation, of 
course. Write for Wheelabrator Catalog 211. 


“AMERICAN 
FOUNDRY EQUIPMENT CO. 
511 S. BYRKIT ST., MISHAWAKA, IND. 


Reflections on Rupture 


(Cont. from page 240) relative positions at a 
little distance in which the net inter-atomic force 
acting on them will still be zero. During this 
action, lines and planes of atoms cannot remain 
lines and straight — they must crumple or be other- 
wise distorted. This may be expected to modify 
profoundly the “properties” of the substance. 

Fracture occurs when the external conditions 
are altered, if all the atoms cannot find such new 
positions in which they will still be subject to 
zero net force on the average. Fracture eventually 
will be initiated in the microscopic domain, and 
begins from some atomic instability — that is, these 
particular atoms cannot find new positions nearby 
where the inter-atomic forces are in equilibrium. 
Fracture is almost always initiated at some imper- 
fection in the structure, either internal or on the 
surface. 

Imagine now a system of forces to act so that 
the original (“normal”) distance between atomic 
centers decreases; the body is so much compressed 
from all directions that the inter-atomic forces are 
on the average repulsive; rupture cannot spread 
from a microscopic gap between two neighboring 
atoms because the widening of a fissure means a 
compressing nearer together of the abutting atoms 
and so an increase of atomic potential energy. 

However this gives an inkling of what happens 
in the experiments on limestone and powdered 
metal compacts. During loading (of the limestone, 
particularly) stress and deformation are homogene- 
ously distributed throughout the mass. The com- 
ponent of stress across the plane perpendicular to 
the axis of compression must certainly be constant 
throughout the mass and equal to the compressive 
force acting across the ends. This stress is always 
compressive, except at the moment of release, when 
it becomes zero. At no time can there be a tensile 
stress in any direction. 

However, during release of compressive load 
and hydrostatic pressure there is an extension of 
the body, reckoned from the configuration it had 
reached during plastic flow under maximum load, 
and this extension is greatest along the axis of com- 
pression. As long as the pressure remains high, 
this extension takes place stably, because the atoms 
are still in sufficiently close contact in all directions 
But when the pressure has been reduced far enough, 
the corresponding extensions create unstable con- 
ditions and the body ruptures across the planes on 
which the extension is greatest. 

This example prepares us to expect othe! 
examples of rupture on release of a state of stress 
which has been preponderantly compressive, but in 
which there have been sufficiently large differences 
between components of the stress to produce per- 
manent deformation. 
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>xample of Bethlehem service 


to users of special steels 


T MAY sound like heresy to some, but Bethle- 
hem makes magnet steel in the open-hearth 
furnace, as well as by more expensive processes. 
We have done so for years and have perfected 
methods such that the lower-cost open-hearth steel 
fully meets the requirements for many purposes. 
The foremost consideration is that open-hearth 
magnet steel offers a big advantage in cost. Less 
tangible, but still very important to many users of 
magnet steel, is the uniformity. Being produced 
in large furnaces, 70 to 80 tons of finished bar stock 
are obtained from a single heat. 


BETHLEHEM STEEL COMPANY = 


Whatever kind of special steel you may use, the 
chances are that Bethlehem can offer you some- 
thing worth considering, either in service quali- 
ties, processing properties or cost. 

In the Bethlehem organization all metallurgi- 
cal problems are handled in a central metal- 
lurgical division. This provides for applying all 
of the experience obtained in contacting all in- 
dustries to the task of making the best steel 
for any particular purpose. A unique system of 
control provides the means for consistently meet- 
ing highly specialized requirements. 


geTHLEHtng 
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Notes about 


Waldemar Naujoks was born in Milwaukee, the 
son of the proprietor of a small tool shop special- 
izing in hand-forged cutting tools. As a boy he 
picked up the rudiments of hand forging in after- 
school periods, and in 1912 left high school to enter 
the tool shop as an apprentice. In 1917, his appren- 
ticeship finished, he joined the Navy and served for 
two years as forging instructor in the Charleston 
Navy Yard. Hankering for more schooling, he 
entered University of Wisconsin in 1920. Six years 
later (two years were spent as a high school 
machine shop instructor) he emerged with a B.S. 
degree in mechanical engineering. The degree of 
M.E. came later, in 1983. “Wally” Naujoks has 
been with Steel Improvement and Forge Co. for 
the past ten years, since 1933 as chief engineer. 
He has recently completed the manuscript of a 
“Forging Handbook” soon to be published by the 
@. and presented a series of lectures on forging 
practice before the Cleveland Chapter last spring. 
The article on page 247 is slightly condensed from 
his Western Metal Congress paper given last March. 


Subject chosen by Charles H. Herty Jr. for his 
Doctor of Science thesis (M.ILT. 1924) was “Inter- 
action Between Gas, Slag, and Metal in the Basic 
Openhearth Process.” Work in this field has since 
continued until now Dr. Herty’s name is one of 
the first that comes to the metallurgical mind in 
connection with the physical chemistry of steel 
making. For two years he was research associate 
in the Buffalo Station of the Massachusetts Institute 
of Technology School of Engineering Practice, sta- 
tioned at the Lackawanna plant of the Bethlehem 


Charles H. Herty Jr. 


Waldemar Naujoks 
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Steel Co., but his most important work began in 
1926 when he joined the staff of the U. S. Bureay 
of Mines and was assigned to the Pittsburgh studies 
into the physical chemistry of steel manufacture 
This work was finished in 1934 and he has since 
been with Bethlehem Steel Co. as research engineer 
in the development and research department. 


At the risk of “having his hide tacked to the 
barn door and in the hope of at least arousing some 
interesting counter-attacks at the Detroit conven- 
tion,” Edward G. Mahin sent in a vivacious contri- 
bution to the current discussion on nomenclature 
of microconstituents in steel. He likes his origina! 
title, simply “Pearlite,” but anyone can see that 
this does not fit into the typographical style selected 
by this issue! His claim to authority behind the 
opinions expressed on page 218 rests firmly on his 
position as head of the department of metallurgy 
at Notre Dame University. Mahin got his start al 
Purdue —a B.S. in 1901 and M.S. in 1903. Here 
also he went through the various teaching grades, 
instructor, associate professor and professor, bro- 
ken only by a leave of absence from 1906 to 1908 
while he tacked on a Ph.D. at Johns Hopkins. He 
has been in charge of the Department of Metallurgy 
at the University of Notre Dame since 1925. 


A little over ten years ago, just out of Univer- 
sity of Maryland with an electrical enginering 
degree, J. H. Loux became associated with the 
industrial furnace industry. For the first seven years 
he worked out electrical engineering details ot 


Walter F. Hirsch J. H. Lous 
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fi ces and furnace controls. Included was a cer- 
tg) amount of road work and erection supervision. 
In 1935 he came with Salem Engineering Co. as 
an electrical engineer. His time there has been 
divided between engineering problems on equip- 
ment under construction and on proposed new 
iesigns and estimates. One such large piece of 
equipment recently completed is the furnace for 
treating aluminum alloys described on page 237. 


Extensive and up-to-date laboratories in the 
Endicott plant of International Business Machines 
Corp. were installed and organized by L. C. Conradi, 
who came to I.B.M. as metallurgist in 1931 and who 
has been technical research director since 1937. 
After obtaining his Bachelor of Science degree at 
the University of Michigan in 1914 Conradi acquired 
a thorough knowledge of technical research func- 
tions through assignments as chemist, assistant 
planning engineer, chief chemist and metallurgist 
in the steel, automotive, aircraft, machine tool and 
office accounting machine industries. That he also 
has the knack of explaining technical matters in 
easily understood language is shown by his leading 
article in this issue on high frequency induction 
hardening of small steel parts. 


A recent addition to the family of abrasion 
resistant alloys has been developed during the past 
live years by Walter F. Hirsch (who tells about it 
on page 230) at the Industrial Research Labora- 
tories in Los Angeles. Mr. Hirsch was born in 
Columbus, Ohio, where he attended Ohio State Uni- 
versity, spent several years as chemist at Buckeye 
Steel Castings Co., served for five years as chemist 
and metallurgist at Bonney-Floyd Co., and then 
worked for three years for Prof. D. J. Demorest of 
O.S.U. on private consultation projects. Six years 
ago he pulled up stakes and went to California, 
served one year as metallurgist for Warman Steel 

Castings Co., and then joined Industrial Research 
Laboratories. 


L. C. Conradi Edward G. Mahin 


Diuminating system for Spectrum Plate viewing box 


& L Medium Quartz Spectrograph 


- 
Ultra Violet Sector Photometer Density Cemparater fee quantitative 


B&l 
ACCESSORIES 


Spectrum Measuring Microscope 


INCREASE THE VALUE OF ANY 
SPECTROGRAPHIC EQUIPMENT 


B & L Spectrographic Accessories, a few of which 
are illustrated here, will broaden the usefulness 
of any spectrographic equipment. Used with 
B & L Spectrographic Equipment they make 
possible a matched unit suited for the most 
exacting work. 


To assure the spectrographer of maximum use- 
fulness over the longest period of time, every 
B & L Spectrographic Accessory is constructed to 
the highest standards of accuracy and permanent 
rigidity. 


Included among-the B & L Spectrographic 
Accessories are illuminating units, spectrum 
measuring microscopes, sector photometer, den- 
sity comparator, etc., all of which are completely 
described in B & L Catalog D-20. For your copy, 
write Bausch & Lomb Optical Co., 638 St. Paul 
St., Rochester, N. Y. 


BAUSCH_& LOMB 


Wt MAKE OUR OWN GLASS TO FOR FOUR GLASSES INSIST ON Bat 


INSURE STANDARDIZED PRODUCTION ORTHOGON LENSES AND FRAMES 
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makes GAS-TIGHT 
5 proug 


SIL-FOS has been making 
between 


For over two years, 
gas-tight joints — thousands of them 
copper condenser tubes and headers in some 8 


or 10 models of SERVEL industrial refrigerating 


units. 


With water on one side and the refrigerant on 
the other, at a differential of 150 Ibs. per square 
inch, every joint must be permanently gas-tight. 


Proof that SIL-FOS performs this critical brazing 
job successfully is provided by SERVEL, INC., 
who report they have yet to hear of a single 
failure, or to find any electrolytic or corrosive 


action, 


If gas-tight joints between non-ferrous metals 
are important to you, SIL-FOS will produce 


them and do it economically. 


Bulletin 59-MP tells why SIL-FOS Brazing Alloy 


produces strong, sound, ductile joints at low 


cost. Write for a copy today. 


a 


EL Unit alone 
joints. 


RV 
20-ton SE 
72 SIL -FOS bras 
the 


HANDY AND HARMAN 


82 Fulton St., New York 


CONVENIENT, SAFE, 
SPECIMEN STORAGE... 


¢ This all-steel sectional A-B Specimen- 
Mount Storage Cabinet has its place in 
every laboratory. Room for 600 specimens 
per 6-drawer cabinet. Leading users praise 
it. Write for details and your copy of “1938 
METAL ANALYST” now in preparation. 
CUTTERS AND GRINDERS 
STRAIGHT LINE GRINDERS 
PAPER DISC GRINDERS SPECIMEN STORAGE CABINETS 


HIGH SPEED POLISHERS POLISHING STANDS 
MICROSCOPES OF EVERY DESCRIPTION 


SPECIMEN MOUNT PRESSES 
TRANSOPTIC MOUNTINGS 


OPTICAL INSTRUMENTS « METALLURGICAL APPARATUS 
228 NORTH LA SALLE ST.*+* CHICAGO ILL. 


Control 


—right from 
the Start 


for — 


BASIC =. control of all process- 
ELECTRIC ing from selection of the 


melting charge to the finished 
STEEL condition is the N. F. & O. guar- 
FORGINGS antee of quality in forgings fur- 
nished to your specifications — 
Smooth Forged, Holiow Bored 
Rough or Finished Machined 


NATIONAL FORGE & ORDNANCE CO. 


IRVINE, WARREN COUNTY, PENNA., U.S. A. 
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Misco “HN” “Centricast™ boxes for carburizing ball races Casting Research 


MISCO 


Heat and Corrosion Resistant Alloys 


MISCO *Centricast”™ 
boxes are available in 
whatever alloy analysis 
is dictated by operating 
conditions and which 
will render the longest 
life per dollar of invest- 
ment. Misco “Centri- 
cast” boxes are long life 
boxes. 


*Trade Name Registered 


Misco “HN” light weight “Centricast™ carburizing 
boxes 1544" dia. x 15 deep. Weight 69 lbs. each 


MISCO «Centricast” carburizing and anneal- 
ing boxes are light, sound and strong and of 
the correct metal thickness for rapid heat pen- 
etration consistent with long life. The centrif- 
ugal casting process produces a sounder, light- 
er, denser, more uniform casting than can be 
obtained by any other method of producing 
cylindrical castings. Every Misco +Centricast” 
box is carefully pressure-tested, providing def- 
inite assurance against gas seepage, burning 
and corrosive deterioration in use. 
Send for Bulletin C-1 


MICHIGAN STEEL CASTING COMPANY 


One of the World's Pioneer Producers of Heat and Corrosion Resistant Alloy Castings 


1980 GUOIN STREET, DETROIT, MICHIGAN 
Member Alloy 


Misco Metal **Centricast”™ 
annealing boxes 8 dia. x 
18 deep 


(CENTRIFUGALLY CAST) 


| ror CARBURIZING ano ANNEALING 
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Misco “HN” “Centricast™ boxes for carburizing ring gears . 
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Nickel-Boron Iron 


(Cont, from page 232) is uniform throughout 
CHROMIUM - NICKEL its entire depth; this is extremely important in 
MOLY ALLOY CASTINGS parts where considerable wear and _ several 
reconditionings can take place before replace- 
ment is necessary. 

Due to its low melting point, in combination 
with its other unusual properties and its extreme 
resistance to abrasion, we believe that this 
nickel-boron cast iron approaches an_ ideal 
material for lining or internally coating tubular 
products. In fact, it is believed that this is the 
only metal having such extreme hardness and 
abrasion resistant qualities that can be applied 
to the internal areas of cylindrical bodies of 


. ++ Give you twice the load 
carrying ability of other ad- 
vertized alloys of similar Cr- 
Ni composition. 

This statement is backed by 


tests in two leading neutral 
laboratories. 


We'll welcome the chance 
to show you why Calite is the 
choice of leading furnace 


Chain’ Belt Conveyor manufacturers for alloy fur- 
made for Westinghouse an ' steel or iron in an economical manner and on a 
— production basis. Cost of alloy and cost of 
HIGHEST CREEP STRENGTH HIGH RESIDUAL DUCTILITY application is moderate in comparison with 
(load carrying under heat) (prevents cracking) others containing high percentages of tungsten, 


ere Soe chromium, cobalt and molybdenum. These also 


T H E CALO ~ i7| N G C0 are usually of high melting point, above that of 

. the tubing or steel forgings to which such appli- 
415 Hill Ave. Wilkinsburg Sta. Pittsburgh, Pa. cations might be attempted. It is true that the 
higher melting point alloys may be applied by 
welding processes but it is also readily seen that 
this plan would be extremely limited as to areas 
of any great dimensions, either in circumference 
or length. In addition thereto, the irregular 
surfaces of welded-on overlays would necessi- 
tate an extended grinding operation to reduce 
to smooth finished surfaces and tolerances. 

Two micrographs on page 232 show the 
structure of Xaloy and its bond with the sup- 
porting steel body. Note how the austenite 
grains of the alloy have grown from the steel 
base, forming an interlocking bond. There is 
also a diffusion of carbon into the steel, and this 
minimizes the effect of too sudden a transition 
from one metal to another so dissimilar. 

Products made as described above were 
first introduced to the oil industry in the form 
of oil well pump barrels, plungers, and slush 


‘upto date we have heat treated 524,000 pump liners. Their performance there was so 
pieces... . without any rejections from our testing outstanding that the use has rapidly spread to 


department.” This is typical of the reports we get 
from users of our improved Pot Hardening Fur- 
naces. A variety of sizes are 


other industries. Among the many products 
now produced are the following: Cylinder 


2 available. sleeves, machine tool bushings, pump shaft 
Bulletin MP-938 gladly supplied sleeves, dies for drawing and stamping, gages, 


upon request. 


rolls of special design. In these commercial uses 
in many fields of industry, Xaloy parts con- 


: American Gas Furnace Co. sistently show an average of many times the life 


Elizabeth, New Jersey _ of competitive products. 
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